A Variational Framework for Active and Adaptative Segmentation of Vector Valued Images by Rousson, Mikaël & Deriche, Rachid
A Variational Framework for Active and Adaptative
Segmentation of Vector Valued Images
Mikae¨l Rousson, Rachid Deriche
To cite this version:
Mikae¨l Rousson, Rachid Deriche. A Variational Framework for Active and Adaptative Segmen-
tation of Vector Valued Images. RR-4515, INRIA. 2002. <inria-00072073>
HAL Id: inria-00072073
https://hal.inria.fr/inria-00072073
Submitted on 23 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de
recherche franc¸ais ou e´trangers, des laboratoires
publics ou prive´s.
IS
SN
 0
24
9-
63
99
 
 
 
 
 
 
 
IS
RN
 IN
RI
A/
RR
--4
51
5-
-F
R+
EN
G
ap por t  

de  r ech er ch e 
THÈME 3
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
A Variational Framework for Active and Adaptative
Segmentation of Vector Valued Images
Mikaël Rousson — Rachid Deriche
N° 4515
July 2002
Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles, BP 93, 06902 Sophia Antipolis Cedex (France)
Téléphone : +33 4 92 38 77 77 — Télécopie : +33 4 92 38 77 65
  
	ﬀﬂﬁﬃ ! "	#%$&'( !')*	
	+$
, .-/	0	+1ﬁ2. "	354.'768-.9
:<;>=@?BADC/EGFIH#J5JKFILNM"E?POﬃQ#;SR<T)UWVK;>OﬃQ#U
X
Y[Z]\_^`acbed@f+^]ghji]f%kmljd2Y[lj\n\_^Kop\qhjiY8krd[^ts
kr\qhDuv^ﬃwxszy8ljd8d[{ﬃ^ﬃwxs[iﬃljd8dzhDkmw+whDd[iﬃ^ﬃw
|.g+lD}%^]f~yIIw+w+^ﬃ^
hD8ljg%fy8^g+^ﬃiY[^]g+i+Y[^d@IxacŁt8rttta xzhDuv^ﬃw
ﬃxW8vv
8g%krd8uf%Y[^)>hjw%f^]v^xhDg+wxs#\qhDdP ^K¡¢ljg%f+wYzhﬃ£v^¤#^ﬃ^]d¥y8ljd[^)krd¦krd@f+^]utghDf%krd8u
yIk§¡¢^]g+^]d@fkrdI¨ljg%\qhDf%kmljd[wkrd¥hq£thDg%k>hDf%kmljdzhD©ghD\_^]ªljg%« f+lw+^]ut\_^]d@fkr\qhDuv^ﬃwx¬^ﬃiﬃ^]dPf­ljg%«Bw
ljd®i]8g%£v^8g+ljzhDu@hDf%kmljd¯­^]g+^qhD¤8m^f+l°krd[iﬃljg%ljghDf+^qw%f+lPiYzhjw%f%kmikrdI¨ljg%\qhDf%kmljd[w_±r][s.xW²³hDd[y
8g%kmljg0«Bd[lx0m^ﬃyIuv^ljdw+YzhD^ﬃw´±µ`8s#tK²¶¬.X
Y[^krdI¨ljg%\qhDf%kmljdkrd[w+^]g%f+^ﬃykrd·f%Y[^ﬃw+^w%f%[yIkm^ﬃwkmw
\_ltw%f
lD©f%Y[^f%kr\_^^K¸If%ghji]f+^ﬃylD¹_krd[^t¬/º ^xhDdP0Y8krm^ts[ljf%Y[^]ghD88g+lvhji+Y[^ﬃw0Yzhx£v^8g+ljltw^ﬃyqf+l^K¸If%ghji]f
g+^]utkmljd2krdIljg%\qhDf%kmljd¦yI8g%krd8u_f%Y[^Gw+^]ut\_^]dPfhDf%kmljd28g+lBiﬃ^ﬃw+w0krf+w+^]§0±µIs8[s¢x`W²¶¬
»zljrmlx0krd8u¼f%Y[^ﬃw+^ d[^]½hD88g+lvhji+Y[^ﬃw2hDd[y¾^K¸Bf+^]d[yIkrd8u¼f%Y[^ ªljg%«krd¿±rxj²f+l<£v^ﬃi]f+ljgÀop£jhDr[^ﬃy
kr\qhDuv^ﬃwÁs[ª^8g+ljltw^´krd2f%Y8kmwzhD^]ghDd¦^]d@f%krg+^]r·£thDg%k>hDf%kmljdzhD"ghD\_^]ªljg%«f+lhD88g+lvhji+Y¦f%Y[^
w^]ut\_^]d@fhDf%kmljd¦8g+lj¤8m^]\¬ªÂ
ljf%Y"s[f%Y[^Gkr\qhDuv^GzhDg%f%krf%kmljd¦hDd[yf%Y[^Gw%fhDf%kmw%f%kmixhD©zhDghD\_^]f+^]g+w¨ljg
^xhjiYg+^]utkmljd hDg+^´8d8«vlÁ0d"¬
Ã
f+^]ghq¤8g%km^Kªg+^]\nkrd[y8^]gGljd¥g+^ﬃiﬃ^]d@f´w+^]ut\_^]dPf%krd8u\_^]f%Y[lBy8wxsª^0krr8g+^ﬃw+^]d@fhq£jhDg%k>hDf%kmljdzhD
¨ljg%\8>hDf%kmljd¥lj¤8fhDkrd[^ﬃy·g+lj\Äh¤zhxv^ﬃw%k>hDd2\_lBy8^]p¬
Ã
f+^]g0f%YzhDfxs[­^G0krrÅw%Y[lÁ3feªlqyIk§¡¢^]g+^]d@f
yIk§¡¢^]g+^]d@f%k>hDf%kmljd[wqyIg%kr£Pkrd8u¥f+l¦f%Y[^w5hD\_^°^]£vljr8f%kmljdÆ^ﬃÇPzhDf%kmljd[wx¬

^]fhDkrm^ﬃyw%f%[yIkm^ﬃwnljdÈutghﬃ
hDd[yqiﬃljmljg³kr\qhDuv^ﬃw³lD¢f%Y[^Wop8Yzhjw^ixhjw+^00krr[ljrmlÁG¬
Ã
d[yn­^0krr8É[d8kmw+YljdhDdhD88rkmixhDf%kmljd
f+lf%ghji«Pkrd8u0Y8kmi+Y2w+Y[lxw¤#^]d[^KÉ[f+wlD.lj8gyIBdzhD\nkmixhD"ghD\_^]ªljg%«#¬
ÊËvÌ#Í+ÎÏ
WÐv Ñ
^]£v^])ÒB^]fX
Y[^ﬃljg%vsÓ­ljmljg2be\qhDuv^ÔÒB^]ut\_^]d@fhDf%kmljd"s
Ã
y[hD8fhDf%kr£v^¯be\qhDuv^
ÒB^]ut\_^]dPfhDf%kmljd"s#ÒPYzhD#^ÕghjyIkm^]dPfx¬
   **)´  
	/ *q4¿4 , .-½/	
	+
 ! Å	%$&	  !')*	
	+$&'p6I-.9N. Å	#+/.9
 
	   ÒPk¢ ljdw krd@f+{]g+^ﬃw+w^hDI¸°y8^]g%d8km^]g+wf%ghﬃ£thDI¸w%8g0>hw^]ut\_^]d@fhDf%kmljd y kr\qhDuv^ﬃwÁs8ljd
wµhD^]gﬃljkrfÇ@ 8dutghDd[yGd[lj\¤8g+^­y ^]d@f%g+^­^]I¸Giﬃljd[w%kmw%f+^
krd[iﬃljg%ljg+^]g yIkr£v^]g+w+^ﬃw©krdIljg%\qhDf%kmljd[w
y[hDd[w³8d[^hD88g+lBi+Y[^£thDg%k>hDf%kmljd8d[^]rm^t¬
Ã
krd[w%kpsvy8^g+{ﬃiﬃ^]d@f+^ﬃw­{]f%[y8^ﬃw/kmw+w%[^ﬃw³y8^ﬃw³iﬃljd@f+lj8g+w
hji]f%k§¨w
ljdPf^]g%\nkmwny krdPf%g+lPyI8krg+^y8^ﬃw)krdI¨ljg%\qhDf%kmljd[w_w%f+lBi+Yzhjw%f%kmÇP[^ﬃw·±r][s
xW²^]f)y krdPf+{]utg+^]gqy8^ﬃw
8g%kmljg%kªw%8g´>hljg%\_^qy8^ﬃwGiﬃljd@f+lj8g+w°±µIs"`Is/tK²¶¬  µhD8f%g+^ﬃwhD88g+lBi+Y[^ﬃwxsiﬃljd[w%kmy8{]g+{ﬃ^ﬃwiﬃlj\n\_^
hjy[hD8fhDf%kr£v^ﬃwÁs08g+ljltw^]d@fy ^K¸If%ghDkrg+^¦y8^ﬃw_krdI¨ljg%\qhDf%kmljd[wg+{]utkmljd[w°yI8ghDd@f°m^·8g+lBiﬃ^ﬃw+w%[wy8^
w^]ut\_^]d@fhDf%kmljd<±µ[sI[s¢x`D²¶¬
 hDd[wiﬃ^³zhD8km^]gxsjd[lj[w©8g+lj#ltw+ljd[w8d[^­hD88g+lBi+Y[^­£thDg%k>hDf%kmljd8d[^]rm^­ÇP8k@uv{]d[{]ghDrkmw^ªm^ﬃw©f%ghﬃ£thDI¸
8g+{ﬃw^]d@f+{ﬃwGy[hDd[w_±rxj²/hDI¸¥kr\qhDuv^ﬃwGiﬃlj8m^]8gGf+lj8fG^]d¯^ﬃw+f%kr\qhDd@fy8^\qhDd8kmZ]g+^qhjy[hD8fhDf%kr£v^_m^ﬃw
krdI¨ljg%\qhDf%kmljd[w­g+{]utkmljd[wx¬
Ã
krd[w%k[krzd ^ﬃw+fª8r[wªd[{ﬃiﬃ^ﬃw+whDkrg+^yµhﬃ£vljkrg
g+^ﬃiﬃlj8g+wy8^ﬃw³\_{]f%Y[lBy8^ﬃw­y8^
ﬁﬀﬃﬂ ﬃ!ﬃ"$#ﬁ%
lj8g^K¸Bf%ghDkrg+^´m^ﬃwkrdIljg%\qhDf%kmljd[wg+{]utkmljd[whﬃ£thDd@f>hnw+^]ut\_^]d@fhDf%kmljd"¬
Ã
8g+^ﬃw08d·¤8g+^K ghD8^]©w%8g0m^ﬃw
\_{]f%Y[lPy8^ﬃwy8^´w+^]ut\_^]d@fhDf%kmljd[wg+{ﬃiﬃ^]d@f+^ﬃwÁs[d[lj[w0krdPf%g+lPyI8kmw+ljd[w
8d[^ljg%\8>hDf%kmljd£jhDg%k>hDf%kmljd8d[^]rm^lj¤8f+^]d@[^&´zhDg%f%krg
y 8dq\_lBy8Z]m^¤zhxv{ﬃw%km^]d"¬('.d[w%8krf+^tsIy8^]I¸
feP#^ﬃwy8^yIk§¡¢{]g+^]d@f%k>hDf%kmljd[ww+ljd@f8g+{ﬃw+^]dPf+{ﬃ^ﬃw)¢m^ﬃwy8^]I¸ iﬃljd[yI8kmwhDdPfhDI¸ \*]\_^ﬃw{ﬃÇ@zhDf%kmljd[w
y {]£vljr8f%kmljd"¬,+lj[w)\_ljd@f%g+ljd[wny8^°d[lj\¤8g+^]I¸Èg+{ﬃw%8rfhDf+w#lj8g>h w+^]ut\_^]d@fhDf%kmljdÆ^]d¼y8^]I¸
g+{]utkmljd[w
y kr\qhDuv^ﬃw0^]dd8kr£v^xhDI¸y8^utg%kmw
^]f­y kr\qhDuv^ﬃw0iﬃlj8m^]8g+wÁ¬
Ñ
^ﬃw­¤{]d[{KÉziﬃ^ﬃwhD8#ljg%f+{ﬃw­zhDg
m^ixhDghji]f+Z]g+^Ghjy[hD8fhDf%k§©y8^>hG\_{]f%Y[lBy8^wljd@f
i]>hDkrg+^]\_^]d@f0krrr[w%f%g+{ﬃw
y[hDd[wªm^ixhjw
yIqf%ghji«Pkrd8u
y 8dlj¤I}%^]f©kmw+ljm{t¬-'.dIÉ[d"std[lj[w{]f%[yIkmljd[w  ^K¸If+^]d[w%kmljd)y8^ª>h\_{]f%Y[lPy8^­#lj8g©>hw+^]ut\_^]d@fhDf%kmljd
y kr\qhDuv^ﬃw^]d·8r[wy8^´y8^]I¸·g+{]utkmljd[wx¬
.¿Ï
x
Í
0/

 
X
Y[{ﬃljg%km^¥y8^ﬃwiﬃlj8g%¤^ﬃwy8^ d8kr£v^xhDI¸#sw+^]ut\_^]d@fhDf%kmljd y kr\qhDuv^ﬃw·iﬃlj8m^]8g+wÁs
w^]ut\_^]d@fhDf%kmljd¦hjy[hD8fhDf%kr£v^y kr\qhDuv^ﬃwxs8utghjyIkm^]dPfy8^¨ljg%\_^ﬃwx¬
 	
ﬁﬀﬃﬂ ! #"
$%&' #&(*)

$%+,

-ﬂ./ﬁ"
. 0/ﬁ&21*23,45
`
6
6I	´'4 Å	+
Ó­ljd[w+kmy8^]g%krd8uf%Y[^0>hjw%f/w+f%[yIkm^ﬃw/krd_f%Y[^y8lj\qhDkrd"sBh£thDg%k>hDf%kmljdzhD[¨ljg%\8>hDf%kmljdw^ﬃ^]\_wªhjy8^ﬃÇPzhDf+^
f+lfhji«Pm^Gf%Y[^8g+lj¤8m^]\ÄlDw^]ut\_^]d@f%krd8uqkr\qhDuv^ﬃwÁ¬/b¶d·zhDg%f%kmi]8>hDgxszf%Y8kmwhD88g+lvhji+Y Yzhjww%Y[lÁ0d
krf+w­hD¤8krrkrf¶_f+lkrd@f+^]utghDf+^£jhDg%kmlj[w­i][^ﬃwªkrd°h´iﬃlj\n\_ljd ghD\_^]­ljg%«¬87^]d[iﬃ^tsByIk§¡#^]g+^]dPfª«Bkrd[yqlD
krdI¨ljg%\qhDf%kmljd[w0ixhDd¤^[w+^ﬃy·hjw
yIkrg+^ﬃi]f0iﬃljd[w%f%ghDkrd@fljdf%Y[^¤#lj8d[y[hDg%km^ﬃw:9 g+^]ut8>hDg%krf¶vs8f+^]d[w+kmljd"s
Y8krutY°utghjyIkm^]d@fxs8w+YzhD^8g%kmljg;³ljg­krd[yIkrg+^ﬃi]f
iﬃljd[w%f%ghDkrd@f0krd[yI[iﬃ^ﬃy¤@_\_lByI8m^ﬃw0hjiﬃiﬃlj8d@f%krd8u¨ljg
g+^]utkmljd¦krd@f+^]utg%krfe<9 Y[lj\_ljuv^]d[^]krfe±µv²¶s[f+^K¸If%8g+^i]>hjww%k§ÉzixhDf%kmljdÈ±>=j²¶s[8g%kmljgljd¦w%zhDf%k>hD©krd@f+^]d[w%krfe
yIkmw+f%g%kr¤88f%kmljd[w±@?Á²¶sr¬r¬r¬@;K¬
bedÈ\_ltw%fnlDf%Y[^ixhjw+^ﬃwxs³h28g+^]8g+lBiﬃ^ﬃw+w%krd8u¯w%f+^]kmw)d[^ﬃiﬃ^ﬃw+whDg%<f+l¦^K¸If%ghji]ff%Y[^°g+^]m^]£jhDdPfnkrdIo
¨ljg%\qhDf%kmljd¯g+lj\ﬂf%Y[^qkr\qhDuv^q¤#^K¨ljg+^nf%Y[^_zhDg%f%krf%kmljd8krd8u¥8g+lBiﬃ^ﬃw+wGkrf+w+^]§%¬  k§¡#^]g+^]dPffeP#^ﬃwlD
krdI¨ljg%\qhDf%kmljd[wixhDd·¤#^´^K¸If%ghji]f+^ﬃyBA.f%Y[^Gi]g+^xhDf%kmljd2lD/hDd^ﬃyIuv^´kr\qhDuv^GixhDd·8g+lÁ£Pkmy8^´¤#lj8d[y[hDg%
krdI¨ljg%\qhDf%kmljd[wxs/y[hDfh i]r[w%f+^]g%krd8u¥\qhﬃ<¤^q[w+^K8ªf+l¦y8^]f+^]g%\nkrd[^h2w+kr\n8m^qg+^]utkmljd\_lByI8m^ts
iﬃlj\n8m^K¸É[rf+^]g%krd8uqixhDd2Y[^]rkrd^K¸Bf%ghji]f%krd8uf+^K¸Bf%8g+^i+YzhDghji]f+^]g%kmw%f%kmiﬃwx¬r¬r¬
bedÔf%Y8kmw)zhD#^]gxs.d[l 8g%kmljg^K¸If%ghji]f%kmljd¼lDkrdIljg%\qhDf%kmljd¼kmw\qhjy8^t¬
Ã
d<^]d@f%krg+^]r<£jhDg%k>hDf%kmljdzhD
¨ljg%\8>hDf%kmljd¥kmw8g+ljltw^ﬃy¢sz0Y[^]g+^g+^]utkmljd¦i][^ﬃw^K¸If%ghji]f%kmljd kmw\qhjy8^}%ljkrd@f%r20krf%Y f%Y[^zhDgÀo
f%krf%kmljd8krd8u¦8g+lBiﬃ^ﬃw+wx¬^ﬃiﬃ^]dPfg+^]>hDf+^ﬃyÔªljg%«IwixhDdÈ¤^nlj8d[y¢¬·bedN±µD²¶s©f%Y[^hD8f%Y[ljg+w)8g+lj#ltw+^
f+l°[w+^f%Y[^)\_^xhDd®f+l·yIkmw%f%krd8ut8kmw+Y®f%Y[^g+^]utkmljd[wxs¢f%Y[^\_^xhDd¯lDªf%Y[^)g+^]utkmljd[w´¤#^]krd8uyIBdzhD\nk§o
ixhDrr¦^ﬃw%f%kr\qhDf+^ﬃy¥yI8g%krd8u·f%Y[^^]£vljr8f%kmljd¯lD³f%Y[^i]8g%£v^0Y8kmiY¯y8^]rkr\nkrf+w´f%Y[^)g+^]utkmljd[wx¬´X
Y[^]
uv^]d[^]ghDrk	Cx^f%Y[^]krg\_lBy8^]¢f+l_y8^xhD"0krf%Y£v^ﬃi]f+ljgÀop£thDr[^ﬃy2y[hDfhI¬
bed®± j²¶sIf%Y[^´i]g%krf+^]g%k>h[w+^ﬃy°f+lnw+^]zhDghDf+^´feªl_w+\_lPljf%Yg+^]utkmljd[w0kmw0f%Y[^]krg^]dPf%g+lj@vszf%Y8kmw0ljd[^´y8^Ko
#^]d[yIkrd8uGhDu@hDkrd_ljdf%Y[^ª\_lÁ£Pkrd8u´¤#ljg+y8^]g ltw+krf%kmljd"¬©bed·±rx`W²¶sjf%Y[^
hD8f%Y[ljg+w/Yzhﬃ£v^hDmw+l8g+ljltw^ﬃy
w+kr\nkr>hDghD88g+lvhji+Y[^ﬃwÁ¬.Âªkr\_lBy[hD@kr\qhDuv^ﬃw.hDg+^ªw+^]ut\_^]d@f+^ﬃy)[w%krd8u´Õ´hD[w+w%k>hDd)yIkmw%f%g%kr¤88f%kmljd[w0krf%Y
É8¸8^ﬃyG£thDg%k>hDd[iﬃ^ﬃw.hDd[y)hjy[hD8fhDf%kr£v^­\_^xhDd[wx¬ º¦ljg+^/g+^ﬃiﬃ^]dPf%rvs@h0d[ljdIopzhDghD\_^]f%g%kmi
\_^]f%Y[lBy[w+krd8u
krdI¨ljg%\qhDf%kmljdf%Y[^ﬃljg%Yzhﬃ£v^¤^ﬃ^]d·8g+^ﬃw^]d@f+^ﬃykrd¯±µj²¶¬
X
Y[^G\_^]f%Y[lPy·8g+lj#ltw+^ﬃy·krd·f%Y[^Gd[^K¸Bfw^ﬃi]f%kmljd2ixhDd·¤^w+^ﬃ^]d2hjwhuv^]d[^]ghDrk	CÁhDf%kmljd¦lDf%Y[^EDGF
HJILKﬁﬃ
±µD²¶¬
Ã
i]f%zhDrrvsh®\_ljg+^uv^]d[^]ghD£thDg%k>hDf%kmljdzhD¨ljg%\8>hDf%kmljd kmwqlj¤8fhDkrd[^ﬃyN g+lj\(f%Y[^
\qhW¸Ikr\nk	CÁhDf%kmljd<lD0f%Y[^qh·ltw%f+^]g%kmljg%k­w+^]ut\_^]d@fhDf%kmljdÈ8g+lj¤zhD¤8krrkrf¶®utkr£v^]dhDdÔlj¤[w+^]g%£v^ﬃy<y[hDfhI¬
»krg+w%fxsrkr\nkrf%krd8ulj8g·w%f%[yI¼f+lÈf%Y[^¥Wop8Yzhjw+^¥ixhjw+^ts0­^ 0krr8g+^ﬃw+^]dPf°feªl¼yIk§¡¢^]g+^]d@f­hxBw
lD´\nkrd8kr\nk	Cﬃkrd8uf%Y[^·8d[i]f%kmljdzhDyIg%kr£Pkrd8u<¤ljf%Yf+l¯f%Y[^2w5hD\_^2^]£vljr8f%kmljd!^ﬃÇ@zhDf%kmljd[wÁ¬3~d[^
[w^h·\_lByIk§Éz^ﬃy^]d[^]g%ut®¤@<hDd^xhDg%r®krd@f%g+lByI[i]f%kmljd¼lDm^]£v^]­w^]f8d[i]f%kmljd[wxs0Y[^]g+^xhjw)f%Y[^
ljf%Y[^]g\_^]f%Y[lPy¯iﬃljd[w+kmw%f+w´krd¯yIk§¡¢^]g+^]d@f%k>hDf%krd8u¥yIkrg+^ﬃi]f%r¦f%Y[^)8d[i]f%kmljdzhD³[w+krd8u·g+^ﬃiﬃ^]d@fg+^ﬃw+8rf+w
ljd¯w+YzhD^ny8^]g%kr£thDf%kmljd"¬ +^K¸Ifxs#ª^_0krr/w%Y[lx wlj\_^n^K¸B#^]g%kr\_^]d@fhD/g+^ﬃw+8rf+wGljd®utghﬃPop£jhDr[^ﬃy
hDd[y¦iﬃljmljgkr\qhDuv^ﬃwxs¢hDd[y¦hDmw+l°ljd¥w+^ﬃÇ@[^]d[iﬃ^ﬃwlD/kr\qhDuv^ﬃwx¬X
Y[^]d"sª^)0krr©É[d8kmw%Y ¤P\qhD«Bkrd8u
wlj\_^iﬃlj\n\_^]d@f+wljd¦f%Y[^Grkr\nkrfhDf%kmljd[wlD/f%Y[^G\_^]f%Y[lBy¥hDd[yf%Y[^ltw+w+kr¤8m^G^K¸Bf+^]d[w+kmljd[wf+l°hDd
hDg%¤8krf%ghDg%dP8\¤#^]glD g+^]utkmljd[wx¬
MﬃMONPRQ4S4TUS
  
I ﬁﬀ ﬀ4I # ﬃ! "  
 
 9.-/	
	#+ *)
	+/
ÒB^]ut\_^]dPf%krd8u<kr\qhDuv^ﬃw°iﬃljd[w%kmw%f+wlDÉ[d[yIkrd8uh¥zhDg%f%krf%kmljd lDhDdNlj¤[w+^]g%£v^ﬃy¾y[hDfh<krd@f+lÔY[lDo
\_ljuv^]d[^ﬃlj[wGg+^]utkmljd[wx¬X
Y[^ﬃw+^g+^]utkmljd[whDg+^ni+YzhDghji]f+^]g%k	Cx^ﬃyÔ¤@¥w%fhDf%kmw%f%kmixhD.8g+lj#^]g%f%km^ﬃw´0Y8kmi+Y
g+^]8g+^ﬃw^]d@fGhn£Bkmw%zhD iﬃljd[w%kmw%f+^]d[i]v¬X
Y[^krdPf+^]gÀ¨hjiﬃ^¤^]feª^ﬃ^]d®f%Y[^g+^]utkmljd[wkmww%88#ltw+^ﬃy2f+lq¤#^
g+^]ut8>hDgx¬
Ñ ^]f°¤#^nlj#^]d<hDd[y®¤#lj8d[y8^ﬃy¢s©hDd[y®m^]fﬁﬀ®¤#^f%Y[^_lj¤[w+^]g%£v^ﬃy¯y[hDfhI¬ Ñ ^]f
ﬂﬃ "!
¤#^hqzhDg%f%krf%kmljd¯lDªf%Y[^)y8lj\qhDkrd¯hDd[y#$¿¤^f%Y[^)¤lj8d[y[hDg%km^ﬃw¤#^]f¶­^ﬃ^]d®f%Y[^g+^]utkmljd[wÁ¬
%¯^\qhD«v^Gf%Y[^GljrmlÁ0krd8uhjw+w+8\n8f%kmljd[wLA ;&kmwiﬃlj\n#ltw+^ﬃy¤P2h\qhW¸Ikr\8\ lD' g+^]utkmljd[w
&(©£v^]g%k§Pkrd8uqhDd2Y@Bljf%Y[^ﬃw%kmw*)+(%s[ ;­f%Y[^krd@f+^]gÀphjiﬃ^G¤#^]f¶­^ﬃ^]d2f%Y[^´g+^]utkmljd[w*#,!kmw0g+^]ut8>hDgx¬
Ñ ^]f&-,.0/1ﬃ23ﬃ546!1!¤^)f%Y[^niﬃljd[yIkrf%kmljdzhDª8g+lj¤zhD¤8krrkrf¶®y8^]d[w%krf¶¦8d[i]f%kmljd¯lD
h°utkr£v^]d®£thDr[^73ﬃ546!
0krf%Yg+^ﬃw%#^ﬃi]f"f+l0f%Y[^/YPP#ljf%Y[^ﬃw%kmw8)+(%¬ÅX
Y[^³uvlPlByGw+^]ut\_^]dPfhDf%kmljd)lDzh
utkr£v^]d)lj¤[w+^]g%£v^ﬃyy[hDfh0g+^Ko
w+^ﬃi]f%krd8uf%Y[^­Y@Bljf%Y[^ﬃw+^ﬃw kmw lj¤8fhDkrd[^ﬃy¤Pw+ljr£Bkrd8uf%Y[^
lj8f%kr\nk	CÁhDf%kmljdn8g+lj¤8m^]\ 0krf%Yg+^ﬃw%#^ﬃi]f
f+lf%Y[^:9";
I ﬀﬃﬂ ﬃ!ﬃ"I ! "
w+^]ut\_^]d@fhDf%kmljd 8g+lj¤zhD¤8krrkrf¶vsutkr£v^]df%Y[^Glj¤[w+^]g%£thDf%kmljd2w+^]fLA0-<ﬃ2=ﬃ *!> ?!¬
»zljrmlx0krd8uf%Y[^Õ´^ﬃlPy8^ﬃw%kmi
Ã
i]f%kr£v^^]utkmljd[w0±rxD²¶st­^0ixhDd_g+^K¨ljg%\8>hDf+^0f%Y[^
8g+lj¤8m^]\ krdnf+^]g%\_w
lD^]d[^]g%utv¬N~d8r<feªlÔhjww%8\n8f%kmljd[wqhDg+^\qhjy8^·krd ±rxW²*AhDr0f%Y[^zhDg%f%krf%kmljd[wqhDg+^2^ﬃÇ@zhDrr
#ltw+w%kr¤8m^hDd[yf%Y[^8k§¸8^]mw­0krf%Y8krd^xhjiYg+^]utkmljd·hDg+^krd[y8^]#^]d[y8^]d@fx¬ªÒPkrd[iﬃ^f%Y[^ﬃw+^hjw+w%8\n8f%kmljd[w
hDg+^g+^xhjw+ljdzhD¤8m^krdÈlj8gixhjw+^ts f%Y[^°lj8f%kr\qhD³ghD\_^zhDg%f%krf%kmljdÈkmw)lj¤8fhDkrd[^ﬃyÈ¤@¯\nkrd8kr\nk	Cﬃkrd8u
f%Y[^´^]d[^]g%ut A
@ﬃBA*CED8CF#$*!8G H
I
(KJ<L<MON
/QPSRUTWV
-
.0/
ﬃ2Q!YXW4ZÈm^]d8utf%Y6ﬃ #$*! 9À ;
X©l¥y8^ﬃw+i]g%kr¤^f%Y[^£Pkmw%zhD
iﬃljd[w%kmw%f+^]d[i]ÈlDh2g+^]utkmljd"s.ª^°d[^ﬃ^ﬃy<f+l¦y8^KÉ[d[^·h\[]9
H "$_^ I
[
K0ﬃ#Q`
ﬀﬃ"$ﬂ5^
[
 # ﬂ "ﬁI #
¬1X
Y[^i+Y[ljkmiﬃ^¼lDf%Y8kmw¦¨hD\nkrr \[w%f¥¤^Èy8ljd[^w%[i+Yf%YzhDf¥krf®ixhDdg+^]8g+^Ko
w^]d@fbajhD88g+lﬃ¸Ikr\qhDf+^­f%Y[^³krdI¨ljg%\qhDf%kmljdlD8^xhjiYg+^]utkmljdnhDd[yGkrfw%Y[lj8myG¤#^ªhD¤8m^³f+lyIkmw+i]g%kr\nkrdzhDf+^
feªlyIk§¡¢^]g+^]d@fg+^]utkmljd[wx¬»[ljgGw%\_lBljf%Y®d[ljdIopf+^K¸Bf%8g+^ﬃy®kr\qhDuv^ﬃwÁsÅhiﬃlj\n\_ljdÔi+Y[ljkmiﬃ^_kmwf+l[w+^
ÕGhD[w+w%k>hDd·yIkmw%f%g%kr¤88f%kmljd[wx¬ªb¶f
\_^xhDd[w0f%YzhDf0f%Y[^´iﬃljd[yIkrf%kmljdzhD©8g+lj¤zhD¤8krrkrf¶0krf%Yg+^ﬃw%#^ﬃi]f
f+l\)+(
¨ljgh)£thDr[^_kmwLA
-,c
/
ﬃ2Q!8Gd-,e
/2f gh/
ﬃ2Q!8G i
ﬃBjlkm!]n oQ>pAq(1>
LYr
Qsutwv
oyxUz
t
gl/|{K}
e0~
v
/
xUz
t
gh/|{
 
H
9
!F
Ã
w­ª^0krr¢w+^ﬃ^ljdwlj\_^^K¸I^]g%kr\_^]dPf+wxsIf%Y[^[w+^lD.Õ´hD[w+w+k>hDd°y8^]d[w%krf%km^ﬃw
\qhxq¤#^
hDmwl´^qi]km^]d@f³ljdnzhDg%f%kmi]8>hDgªf+^K¸Bf%8g+^ﬃykr\qhDuv^ﬃwx¬
Ã
i]f%zhDrrvsPf%Y[^ﬃw+^
kr\qhDuv^ﬃw/ixhDdn¤#^0w+^]ut\_^]d@f+^ﬃy
¤PÉ[f%f%krd8unÕGhD[w+w%k>hDd°\_lPy8^]mw­^]£v^]dk§¢f%Y[^ﬃw+^\_lBy8^]mwªy8ld[ljf³utkr£v^h´uvlBlPy^ﬃw%f%kr\qhDf%kmljdlD"f%Y[^
g+^]utkmljd28g+lj^]g%f%km^ﬃwx¬
|!M65
 	
ﬁﬀﬃﬂ ! #"
$%&' #&(*)

$%+,

-ﬂ./ﬁ"
. 0/ﬁ&21*23,45

Ó­ljd[w+kmy8^]g%krd8u_f%Y8kmw0phD\nkrr°lD.yIkmw%f%g%kr¤88f%kmljd"szª^GixhDdg+^]0g%krf+^Gf%Y[^G^]d[^]g%ut A
@ﬃBA*CED8CF#$*! G i
j
H
I
(KJ<L M+N
/

-
RUTWV
ﬃBjlkm!0Z
RUTWV
>pAw(E> 9¨ ;
Z ﬃ2
P
D0(Y!<A
t
L
(
ﬃ2
P
Dm!ﬁXW4Z
s	

)ﬁﬃ #$*!
ÒP[iYÔhDd¦^]d[^]g%ut¦Yzhjw´hDrg+^xhjyI2¤#^ﬃ^]d®w%f%[yIkm^ﬃy¦krd±W².¤P2mlBlj«Pkrd8u°¨ljgf%Y[^)\nkrd8kr\8\ﬂm^]d8utf%Y
y8^ﬃwi]g%kr8f%kmljdÔhDd[y krd¼±r]j².0krf%Y¯hg+^]utkmljd¥iﬃlj\n8m^]f%kmljd¯wi+Y[^]\_^t¬X
Y[^É[g+w%f´ljd[^)kmw´h£jhDg%k>hDdPf
lDutghjyIzhDf+^ﬃyd[ljdIo¶iﬃljd@£v^K¸Ikrf¶¼hDd[y<f%Y[^w+^ﬃiﬃljd[yljd[^°8g+lj#ltw+^qf+l¦[w+^°w%dzhD«v^ﬃwkrd¼h g+^]utkmljd
iﬃlj\n8m^]f%kmljd<w+i+Y[^]\_^t¬)X
Y8kmw´>hjw%f\_^]f%Y[lBy®w+ljr£v^)f%Y[^8g+lj¤8m^]\¤@¦krf+^]ghDf%krd8uf¶­l·w%f+^][wLA ;
^ﬃw+f%kr\qhDf+^w%fhDf%kmw+f%kmixhD©zhDghD\_^]f+^]g+w0krf%Y É8¸I^ﬃy2¤lj8d[y[hDg%km^ﬃwxs¢ ;0\_lx£v^)f%Y[^G¤#lj8d[y[hDg%km^ﬃw0krf%Y
iﬃljd[w+fhDd@fw%fhDf%kmw+f%kmixhD"zhDghD\_^]f+^]g+wx¬
7^]g+^ts­ª^ 8g+ljltw^2h®utmlj¤zhD£jhDg%k>hDf%kmljdzhD ghD\_^]­ljg%«¼[w%krd8uÔf%Y[^2m^]£v^]w+^]fqf%Y[^ﬃljg%v¬!X
Y[^
^]d[^]g%utÔ\nkrd8kr\8\7kmw)lj¤8fhDkrd[^ﬃy<£Bk>h¦hutghjyIkm^]dPf_y8^ﬃw+iﬃ^]d@f0krf%YÈg+^ﬃw%^ﬃi]f)f+l f%Y[^w%fhDf%kmw+f%kmixhD
zhDghD\_^]f+^]g+whDd[y·f%Y[^´¤#lj8d[y[hDg%ltw%krf%kmljd"¬
 
n'-Ä	 &½55
%¯^qw%f%[yI¥f¶ªl¦yIk§¡¢^]g+^]d@f)hD88g+lvhjiY[^ﬃwyIg%kr£Pkrd8u f+l hmlBixhD/\nkrd8kr\qh lD­f%Y[^_ 8d[i]f%kmljdzhD 9¨ ;
0Y[^]d°iﬃljd[w%kmy8^]g%krd8u)f%Y[^Wop8Yzhjw+^8g+lj¤8m^]\ ¨ljg³w%\_lBljf%Y"svd[ljdIopf+^K¸If%8g+^ﬃy°kr\qhDuv^ﬃwx¬ X
Y[^^]d[^]g%ut
iﬃljg%g+^ﬃw+ljd[yIkrd8u_f+l_f%Y8kmw0zhDg%f%kmi]8>hDgixhjw+^kmw A
@ﬃ #, C!8G
MON
v
s
Lyﬃ54!ªy+47Z
MON
o
s

ﬃ546!ªy+4 ZÈm^]d8utf%Y<ﬃ #,*!
0Y[^]g+^ﬁﬀﬃﬂ !"ﬂ#$ﬀ&% '!(%	)
hDd[y+*-,/.0)132547698 ﬀ&,:8;</=>/.()?@!(,)BACﬀED
ﬂ
,
/=>/.()?@!(,) ¬
 
H
9
!F 
Ã
i]f%kr£v^iﬃljdPf+lj8g+w)0krf%Y[lj8f)^ﬃyIuv^ﬃw¨ljgG£v^ﬃi]f+ljgÀop£jhDr[^ﬃyÈkr\qhDuv^ﬃw)8g+^ﬃw+^]dPf+^ﬃyÔkrd¾±µD²
ixhDd ¤^w+^ﬃ^]d hjwhnzhDg%f%kmi]8>hDgixhjw+^lD/f%Y8kmwljg%\8>hDf%kmljd¥0Y[^]g+^ A LhDd[yA

hDg+^)w+^]ff+lqf%Y[^
kmy8^]dPf%krf¶·\qhDf%g%k§¸¢¬
FﬃGH IKJLMONP1QEQRLTSUPCVWYX[Z]\^N_Z"`EM_JSa`bSUcdNTWeZfJ'`gN_Z0hULTPCijN_Z0LklMmNnSoPCi'iNnWEZqpeS1r
ksPCJ`
Ã
yIk qi]8rf¶·^]d[iﬃlj8dPf+^]g+^ﬃy20Y[^]d­^´­hDdPff+lny8^]g%kr£v^ 9¨` ;
kmw0f%Y[^´y8^]^]d[y8^]d[iﬃ^0krf%Yg+^ﬃw%#^ﬃi]f
f+l°f%Y[^¤#ljg+y8^]gltw%krf%kmljd¯lD­f%Y[^)krd@f+^]utghDf%kmljd<y8lj\qhDkrd[w*L´hDd[y

¬
Ã
wkrf´Yzhjw¤#^ﬃ^]d®y8ljd[^
krdÈf%Y[^°zhjw%f±µW²¶s ª^^K¸Bf+^]d[yÈf%Y[^ﬃw+^krd@f+^]utghDmw_f+l¦hDr
f%Y[^°y8lj\qhDkrd¼¤@¯[w%krd8u¦f%Y[^°m^]£v^]0w+^]f
MﬃMONPRQ4S4TUS
  
I ﬁﬀ ﬀ4I # ﬃ! "  
8d[i]f%kmljd S   3y8^KÉ[d[^ﬃy2hjwLA

 <ﬃ546!8G ﬃ546CF#$*!EC k§84 S"L
 <ﬃ546!8G
P
 ﬃ546CF#$*!EC½k§84 S

9¨` ;
w%krd8u_f%Y[^whD\_^Gg+^]ut8>hDg%k	Cx^ﬃy2¨ljg%\	Fﬃ
O!
lD.f%Y[^Y[^xhﬃ£Bkmw%kmy8^G8d[i]f%kmljd¦hjwkrd<±µW²¶szf%Y[^´8d[iKo
f%kmljdzhD'9¨` ;
ixhDd·¤^0g%krf%f+^]d¥hjwLA
\ﬃ 6C! G
MON
ﬃ
s
L ﬃ546!  ﬃ ﬁ!ﬁZ
s

ﬃ54!Fﬃ
i
P
  ﬃ ﬁ!1!1!y+4
ZÈm^]d8utf%Y6ﬃ #$*! 9  ;
X
Y[^Gm^]d8utf%Yf+^]g%\ ixhDd2hDmw+ln¤#^´^K¸I8g+^ﬃw+w+^ﬃy0krf%Yg+^ﬃw%#^ﬃi]f0f+l ﬃA
m^]d8utf%Y6ﬃ #$*!8G
M+N
> 	Eﬃ <ﬃ54!1!>[y+4
X
Y[^ '.8m^]gÀo
Ñ
hDutghDd8uv^^ﬃÇPzhDf%kmljd[wlj¤8fhDkrd[^ﬃyljgf%Y[^Õ´hD[w+w%k>hDd zhDghD\_^]f+^]g+w D0(/hDd[y Aw(.ixhDd
¤#^yIkrg+^ﬃi]f%r w+ljr£v^ﬃy¢¬)X
Y[^w+ljr8f%kmljd®utkr£v^ﬃw´^K¸I8g+^ﬃw+w%kmljd[w´lDwD0(
hDd[yAw(³0krf%Y®g+^ﬃw%#^ﬃi]ff+l°f%Y[^
m^]£v^]©w+^]f
 8d[i]f%kmljd #A

D0( ﬃ !8G
x
gh/
t
zbxﬁﬀ
{ {ﬁﬂW/
xﬃlx ﬀ
{ { !
ﬀ

ﬂu/
x ﬃlx ﬀ
{ {!
ﬀ
Aw( ﬃ !8G"

x
gl/
t
zbx ﬀ
{ {
x
gh/
t
zbxﬁﬀ
{ {U}#ﬂW/
xﬃlxﬁﬀ
{ { !
ﬀ
$
ﬂu/
x ﬃlx ﬀ
{ {!
ﬀ
9¨ ;
0Y[^]g+^&% L ﬃ ! G'	Eﬃ !0hDd[y(%

ﬃ !G
i
P
	Eﬃ !¬
X
Y[^ﬃw+^G^K¸I8g+^ﬃw+w%kmljd[whDg+^Gf%Y[^^ﬃw+f%kr\qhDf%kmljd
lDf%Y[^2Õ´hD[w+w+k>hDd¼zhDghD\_^]f+^]g+w_krd@f+lÔf%Y[^g+^ﬃw%#^ﬃi]f%kr£v^·g+^]utkmljdÆ0Y8kmi+YNkmw_iﬃljY[^]g+^]d@f0krf%Y¼f%Y[^
¨ljg%\8>hDf%kmljd¦lDf%Y[^G8g+lj¤8m^]\¬
7^]d[iﬃ^f%Y[^G^]d[^]g%ut·y8^]#^]d[y8wljd8r·ljd) <A
\ﬃ 6C! G*\ﬃ 6C ﬃ !1! G'+7ﬃ !
X
Y[^]d"s@krf/kmw/#ltw+w%kr¤8m^
f+liﬃlj\n88f+^f%Y[^
É[g+w%f³£jhDg%k>hDf%kmljd[wªlD,+!0krf%Y_g+^ﬃw%#^ﬃi]f/f+l& ©¬
Ã
y8^]fhDkrm^ﬃy
y8^ﬃwi]g%kr8f%kmljd¥lD/f%Y[^)y8^]g%kr£thDf%kmljd¦ixhDd¦¤^¨lj8d[y2krd¥hDd8d[^K¸#¬-w+krd8uqf%Y[^g+^ﬃw%8rflD/f%Y[^hDd8d[^K¸¢s
­^GixhDd0g%krf+^´f%Y[^¨ljrmlx0krd8u°^]£vljr8f%kmljd ^ﬃÇPzhDf%kmljd·¨ljg. #A
 0/Eﬃ54! G213Fﬃ <ﬃ546!1!#46587µyIkr£:9
	 
> 	 8><;
Z
s

ﬃ54!
P
s
Lyﬃ54!>= 9  ;
0krf%Y13Fﬃ !8G*)?

ﬃ !¬
X
Y[^)kr\n8m^]\_^]dPfhDf%kmljd<kmww%f%ghDkrutYPfÀljg%
hDg+yBA
A@
Ë
/
ËCBË
/
Ë
ED GF©tAH
Ï
FIH 
ËJBÏ
/
BË
Ð
Î
HSA@
LKW8ÐMH
Ë
FnÐ
Ë
x
Ë
F ©AH<F,K¥A@
Ë2ËON
ÅIAH
Ï
FQPSRUT
Î
@GH /
Ë
A@
ËWV
 ©xAH XFZY8D 	
Ë

Ë
W
8
Ë
[Y/ÐI
Ë
Ð¾I
Ë
8\@*H>
Ë
WIAH
Ï
F
Î
HSA@Æ
Ë
AY
Ë
tq
Ï
P^]_T
¬
|!M65
 	
ﬁﬀﬃﬂ ! #"
$%&' #&(*)

$%+,

-ﬂ./ﬁ"
. 0/ﬁ&21*23,45
?
FﬃG  ^Z0V Sa`Rp P1QEQRLTSUPCVWYX pEJLTZ0V>NKpeZ(L J1P"NTJSa`EM_J'`eh+M_WeP1Q Z peZ(L J1P"NTJSa`3QEL J`^r
V]JQRiZ
%¯^2ixhDd¼ªljd[y8^]gqY[lÁ f%Y[^·[w^·lD´h¥g+^]ut8>hDg%k	Cx^ﬃyÆ 8d[i]f%kmljdNkrdÆf%Y[^^]d[^]g%ut\_lPyIk§Éz^ﬃwqlj8g
lj¤I}%^ﬃi]f%kr£v^ 8d[i]f%kmljd"¬ w%krd8uf%Y[^w%YzhD#^y8^]g%kr£thDf%kr£v^f+lBljzkrdPf%g+lPyI[iﬃ^ﬃy°krd¦±r]²¶svkrf­kmw³#ltw+w%kr¤8m^f+l
yIk§¡¢^]g+^]d@f%k>hDf+^yIkrg+^ﬃi]f%rf%Y[^ 8d[i]f%kmljdzhD'9¨` ;K¬
%¯^w%88ltw^f%YzhDff%Y[^´w%fhDf%kmw%f%kmixhD"zhDghD\_^]f+^]g+whDg+^Glj¤8fhDkrd[^ﬃy2[w%krd8uqhDd2^ﬃw%f%kr\qhDf%kmljd¦ljd·f%Y[^
g+^ﬃw+^ﬃi]f%kr£v^´g+^]utkmljd¦hjw0krd 9¨ ;A





D0( ﬃ q(B! G
 
/
x
gh/
t
zxﬁﬀ
{ { !
ﬀ
 
/
!
ﬀ
Aw( ﬃ q(Y!8G

/
x
gh/
t
zbxﬁﬀ
{ {
x
gl/
t
zxﬁﬀ
{ { } !
ﬀ
 
/
!
ﬀ
X
Y[^]d2f%Y[^ 8d[i]f%kmljdzhDy8^]^]d[y8wljd8r·ljd·f%Y[^´¤#ljg+y8^]g#ltw%krf%kmljdS#$GA
\ﬃ #$*!8G
MON
v
s
Lyﬃ546CF*L !YX 47Z
MON
o
s

ﬃ546CF

!YXW4 Z 5
M	 N
#
 ﬃ54!YX 4 9 ?;
X
Y[^¥krdPf+^]utghDmw ﬃ q(B! G
N
/
s
( ﬃ54<CFq( !YXW43\qhx¤#^¥yIk§¡#^]g+^]dPf%k>hDf+^ﬃy!0krf%Y!g+^ﬃw%#^ﬃi]f·f+lÈf%Y[^
#ltw%krf%kmljdlD q(0[w%krd8u¥w%YzhD#^y8^]g%kr£thDf%kr£v^t¬¥Ó­ljd[iﬃ^]g%d8krd8u®lj8gnixhjw+^tsf%Y[^°y8^]g%kr£jhDf%kr£v^°utkr£v^ﬃwnh
w+kr\n8m^´f+^]g%\ 9w+^ﬃ^hDd8d[^K¸ ;A


?
ﬃ q(B!EC GZ
P
M	 N
s
(1ﬃ546CFq(Y!Fﬃ:ﬃ54!^7 'dﬃ54!1!YX,ﬃ54!
0Y[^]g+^\'ﬃ546!kmw´f%Y[^n8d8krfd[ljg%\qhD/£v^ﬃi]f+ljgf+l #,hDfGljkrdPf4©¬X
Y[^_w%krutdÔy8^]#^]d[y8wljdÔf%Y[^
yIkrg+^ﬃi]f%kmljdlD0'Èstkp¬ ^t¬k§ﬁ&(zkmw.f%Y[^0krd[w+kmy8^
g+^]utkmljd"svf%Y[^w%krutdnkmw \nkrdP[w³ljf%Y[^]g%0kmw+^krf/kmw ltw+krf%kr£v^t¬
+lx3ª^GixhDd·0g%krf+^´f%Y[^Gd[^]3^]£vljr£Pkrd8u^ﬃÇ@zhDf%kmljd A
#$ ﬃ54!/<Gﬃ
s

ﬃ54!
P
s
Lyﬃ546!0Z 5ﬀ0!ﬂﬁ
0Y[^]g+^ﬃkmw0f%Y[^Gi]8g%£thDf%8g+^GlD f%Y[^Gi]8g%£v^ 92#$ ;K¬
bef´kmw^qi]km^]dPff+l·[w^nf%Y[^nm^]£v^]³w+^]ff%Y[^ﬃljg%¦f+lkr\n8m^]\_^]d@f)f%Y8kmw^ﬃÇPzhDf%kmljd"¬qX
Y[^nm^]£v^]­w+^]f
8d[i]f%kmljd·kmw0y8^KÉ[d[^ﬃy2hjw
f%Y[^´yIkmw%fhDd[iﬃ^8d[i]f%kmljdrkr«v^krd 9¨` ;
hDd[yª^uv^]f0f%Y[^¨ljrmlx0krd8uqm^]£v^]
w^]f^]£vljr8f%kmljd ^ﬃÇPzhDf%kmljd A
 
/
ﬃ546!8G 
s

ﬃ546!
P
s
L
ﬃ546!$Z 5IyIkr£
9
	 
> 	 8><;"!
>  m> 9¨ ;
hDd[yf%Y[^ª^ﬃÇPzhDf%kmljd 9  ;#kmwlj¤8fhDkrd[^ﬃyBA³ ;#¤PhD88g+lﬃ¸Ikr\qhDf%krd8u\> 	 8>]¤Pq³w%krd[iﬃ^  w%Y[lj8my¤^/f%Y[^
yIkmw+fhDd[iﬃ^) 8d[i]f%kmljd)Å ;¤P2krdPf%g+lPyI[i]krd8u)1$#ﬁﬃ546!0f+lkr\n#ltw+^)f%Y[^ +hDg%g+lx Â0hDd[y¦Y@Bljf%Y[^ﬃw%kmw A
ljd8r°mlBixhD"8k§¸I^]mwYzhﬃ£v^´krd	%[[^]d[iﬃ^ljd·f%Y[^Gi]8g%£v^´8g+ljzhDu@hDf%kmljd"¬
MﬃMONPRQ4S4TUS
  
I ﬁﬀ ﬀ4I # ﬃ! "  
»krut8g+^_A 	
	ﬀﬂﬁﬃ "!"#ﬀ%$&'%($
»©krut8g+^RA )"
*"+%ﬂ',ﬃ-ﬃ *.!"#ﬀ	$&'($	%
/ 021
*q.#/	9
X
Y[^iﬃlj\n8m^K¸BkrfelD.f%Y[^´£thDg%k>hDf%kmljdzhD"\_^]f%Y[lBy·8g+^ﬃw+^]dPf+^ﬃykrdf%Y[^´>hjw+fw+^ﬃi]f%kmljdkmwY8krutY"¬³X
Y[^
8d8«Bd[lx0dzhDghD\_^]f+^]g+w¨ljgÅg+^]utkmljdkrdI¨ljg%\qhDf%kmljdixhDd)¤#^³8f+l =^]gg+^]utkmljdljg iﬃljmljg©kr\qhDuv^ﬃw
9 ¨ljg0f%Y[^GiﬃlÁ£jhDg%k>hDd[iﬃ^\qhDf%g%k§¸hDd[y `)\_ljg+^ljg0f%Y[^G\_^xhDd;K¬
3EGH 43LTP65&r PCiEZ0p JksP1hUZ0M
»zljgw+ixhD>hDgkr\qhDuv^ﬃwxszf%Y[^iﬃlj\n8m^K¸Bkrfekmww%\qhDrm^]gx¬~d8r·f¶­lzhDghD\_^]f+^]g+w 9 \_^xhDd¥hDd[y2£thDg%k§o
hDd[iﬃ^ ;hDg+^d[^ﬃiﬃ^ﬃw+whDg%f+lg+^]8g+^ﬃw+^]d@fGh_g+^]utkmljd"¬X
Y[^)w%kr\n8rk§Éz^ﬃy¦^]£vljr£Pkrd8u·^ﬃÇPzhDf%kmljd2¨ljgf%Y8kmw
ixhjw^kmwLA
 
/
ﬃ54! G 1

ﬃ <ﬃ546!1!

5#7µyIkr£
9
	 
> 	 8>
;
Z
RUTWV
7


7

L
P
ﬃ23ﬃ54!
P
D
L
!Y
7

L
Z
ﬃ23ﬃ546!
P
D

!Y
7



%¯^w%Y[lxÆg+^ﬃw+8rf+w³ljd_feªlw+PdPf%Y[^]f%kmixhDzkr\qhDuv^ﬃwx¬ X
Y[^
É[g+w%fªljd[^0kmw/iﬃlj\n#ltw+^ﬃyn¤@feªlGg+^]utkmljd[w
0krf%Y°yIk§¡#^]g+^]dPf³\_^xhDd[wª¤88fªwhD\_^£jhDg%k>hDd[iﬃ^ﬃw± »kru[¬rK²0Y8krm^f%Y[^w+^ﬃiﬃljd[y_ljd[^Yzhjw/f¶­lg+^]utkmljd[w
yIk§¡¢^]g+^]d@fljd8r°¤Pf%Y[^]krg£jhDg%k>hDd[iﬃ^ﬃw± »©kru[¬µW²¶¬
|!M65
 	
ﬁﬀﬃﬂ ! #"
$%&' #&(*)

$%+,

-ﬂ./ﬁ"
. 0/ﬁ&21*23,45
=
  


	

  
  
  



	
 
ﬁﬀﬂ
ﬀﬃ  
 !ﬀﬂ 

  

"
	

  
 # 
  $



	
 
%ﬀ&
ﬀﬂ  ﬃ
'ﬀ& 

»©krut8g+^`RA³ÒPPdPf%Y[^]f%kmiGf+^ﬃw%f
¨ljgiﬃljmljgkr\qhDuv^ﬃw0o­Ó­ljdPf+lj8g^]£vljr8f%kmljd
3EG  ( SaiSUL JksP1hUZ0M
Ó­ljd[iﬃ^]g%d8krd8uÈiﬃljmljg_kr\qhDuv^ﬃwxsªf%Y[^·iﬃlj\n8m^K¸Bkrfe¼kmwnY8krutY[^]g_¤88fnkr\qhDuv^ﬃwiﬃlj\nltw+^ﬃyÆ¤@iﬃlj\o
8m^K¸Èg+^]utkmljd[w_ixhDd¼¤#^°iﬃljd[w+kmy8^]g+^ﬃy¢¬¼»©krg+w+fxs.ª^w+Y[lx&g+^ﬃw%8rf+wnljdÆw%Bd@f%Y[^]f%kmixhDy[hDfh¦0Y[^]g+^
`Wo¶yIkr\_^]d[w+kmljdzhD Õ´hD[w+w+k>hDd\_lPy8^]mwª^]g+^G[w^ﬃy·f+lnuv^]d[^]ghDf+^y[hDfhljg^xhjiY2g+^]utkmljd"¬³bed¤#ljf%Y
^K¸[hD\n8m^ﬃwxs#f%Y[^)g+^]utkmljd[w´Yzhx£v^f%Y[^)w5hD\_^\_^xhDd¥¤88f´f%Y[^]krg´iﬃlx£thDg%k>hDd[iﬃ^n\qhDf%g%k§¸¦kmwyIk§¡¢^]g+^]d@fx¬
»zljgGf%Y[^É[g+w%f^K¸[hD\n8m^ts hD8f+lDo¶iﬃljg%g+^]>hDf%kmljdÈiﬃlB^qi]km^]d@f+w 9 ¤^]feª^ﬃ^]diﬃljmljgiﬃlj\n#ljd[^]d@f+w;hDg+^
yIk§¡¢^]g+^]d@f³0Y8krm^0ljd8r)i]g+ltw+w%o¶iﬃljg%g+^]>hDf%kmljdqiﬃlP^qi]km^]dPf+wªhDg+^0yIk§¡¢^]g+^]d@f ¨ljg.f%Y[^0w+^ﬃiﬃljd[yn^K¸[hD\n8m^t¬
Ó­ljdPf%ghDg%nf+l´\_ljg+^i]>hjw+w+kmixhDhD88g+lvhji+Y[^ﬃw0hjw.f%Y[^ljd[^8g+^ﬃw+^]d@f+^ﬃyqkrd2±µD²¶svlj8g/\_^]f%Y[lBy_kmwªhD¤8m^
f+lnixhD8f%8g+^f%Y[^ﬃw+^´yIk§¡¢^]g+^]d[iﬃ^ﬃw± »kru[¬µ`W²¶¬
'.¸B#^]g%kr\_^]d@f+w0ljdg+^xhD#kr\qhDuv^ﬃw
u@hﬃ£v^krd@f+^]g+^ﬃw+f%krd8ung+^ﬃw%8rf+wx¬
Ñ
^]f
[w­8g+^ﬃi]kmw+^f%YzhDf
ª^[w+^ﬃyf%Y[^
Ó­b ' o
Ñ
hD¤_iﬃljmljgªw%zhjiﬃ^
w%[i+Ynf%YzhDf/yIkmw%fhDd[iﬃ^¤^]feª^ﬃ^]d`

ljkrdPf+w/iﬃljg%g+^ﬃw%#ljd[y8w.f+l#^]g+iﬃ^]8f%zhD
iﬃljmljgyIk§¡#^]g+^]d[iﬃ^t¬
X
Y[^)É[g+w+ff+^ﬃw+fiﬃljd[w+kmw%f+wkrd®w+^]ut\_^]d@f%krd8u h°YzhDd[y¥8Y[ljf+ljutghD8YP¥8>hjiﬃ^ﬃy®ljd¥yIk§¡¢^]g+^]d@f¤zhji+«Po
utg+lj8d[y8wÁ¬ X
Y8g+^ﬃ^¯¤zhji«Putg+lj8d[y8w¥hDg+^¯iﬃljd[w%kmy8^]g+^ﬃyBA8d8k§¨ljg%\ 9 Y@[^<i]mltw+^®f+l¼f%Y[^®YzhDd[y w;
± »kru[¬  9¨h ;¶²¶sd[ljkmw%¯± »kru[¬  9 ¤;¶².hDd[y2f+^K¸Bf%8g+^ﬃy<± »kru[¬  9i ;¶²¶¬X
Y[^)hDruvljg%krf%Y8\ w%[iﬃiﬃ^ﬃ^ﬃy8^ﬃy krd2utkr£Po
krd8u2f%Y[^_^K¸B#^ﬃi]f+^ﬃy®zhDg%f%krf%kmljd8krd8u2ljg^xhjiY¯f+^ﬃw%fx¬X"ªl2\_ljg+^nf+^ﬃw%f+wljd
#
9
ﬂ  !
9

kr\qhDuv^ﬃw)hDg+^
w+Y[lx0d"¬G»krg+w%fxs#f%Y[^*)ew+ÇP8krg%g+^],+kr\qhDuv^·± »kru[¬.--D²*Af%Y[^)g+^]utkmljd[wGhDg+^f+^K¸If%8g+^ﬃy¥¤88ff%Y[^]2Yzhx£v^
MﬃMONPRQ4S4TUS
x  
I ﬁﬀ ﬀ4I # ﬃ! "  
 
N
	

/Nﬀﬂﬁﬃ N! "$#&%'() (N
 


*,+.-/
0
/Nﬂﬁﬃ N! )1#2%'," ( N
 34
#65" "#3/

NﬀﬂﬁﬃN! )1#2%'() ( N
»krut8g+^n A )7hDd[y +nkr\qhDuv^87 (:9 ; * 	ﬃ( . ﬀ	$&< . %	; '%(' &
 . ﬀ	$&<6
ﬀ;>=*ﬃ ( 
 !
ﬁ% ﬃ,	%@?
h)g+^xhDrr·yIk§¡¢^]g+^]d@fiﬃljmljgx¬³X
Y[^´zhDg%f%krf%kmljd8krd8uqg+^ﬃw%8rfmlPlj«Iw0£v^]g%·hjiﬃi]8ghDf+^q± »kru[¬.--D²¶¬­ÒB^ﬃiﬃljd[y
^K¸[hD\n8m^ts8f%Y[^ )elPi«Bwljd·\qhDg+w+kr\qhDuv^A³f%Y[^g+lPi«°kmw0w+rkrutY@f%r·y[hDg%«v^]gf%YzhDdf%Y[^Gw5hDd[y0krf%Y
hyIk§¡¢^]g+^]d@ff+^K¸Bf%8g+^t¬³X
Y[^Glj¤8fhDkrd[^ﬃy·g+^ﬃw%8rfkmww%f%krr"whDf%kmwÀphji]f+ljg%¦± »kru[¬W²¶¬
3EG F ( SaiSUL JksP1hUZ[MOZBA EZ0`EV Z"M
X
Y[^³yIPdzhD\nkmixhDB8g+lj^]g%feGlD[lj8g"\_^]f%Y[lPyixhDd¤#^.[w+^K8vf+lw+^]ut\_^]dPfhw+^ﬃÇ@[^]d[iﬃ^³lDIkr\qhDuv^ﬃwÁ¬
X
Y[^YzhDd[y·^K¸[hD\n8m^ﬃw08g+^ﬃw+^]dPf+^ﬃy·Y[^]g+^kmw0iﬃlj\nltw+^ﬃy¤P°h\_lx£Bkrd8uqlj¤I}%^ﬃi]f.9¨h)YzhDd[y ;ª8>hjiﬃ^ﬃy
|!M65
 	
ﬁﬀﬃﬂ ! #"
$%&' #&(*)

$%+,

-ﬂ./ﬁ"
. 0/ﬁ&21*23,45
t
»krut8g+^RA )ÀÒBÇP8krg%g+^],+´kr\qhDuv^o­Ó­ljd@f+lj8g^]£vljr8f%kmljd
»krut8g+^ RA )elBi+«Iwljd\qhDg+w+kr\qhDuv^o­Ó­ljdPf+lj8g^]£vljr8f%kmljd
»krut8g+^ ? A87hDd[y2w+^ﬃÇ@[^]d[iﬃ^
krd¯ g+ljdPflD0h·f+^K¸Bf%8g+^ﬃyÔ¤zhji+«Butg+lj8d[y¢¬ÒPkrd[iﬃ^qf%Y[^nYzhDd[y®\_ljf%kmljdÔkmwiﬃlj\nltw+^ﬃyÔ¤@¥£thDg%kmlj[w
g+ljfhDf%kmljd[whDd[yf%ghDd[w%>hDf%kmljd[wxs8f%Y[^r8\nkrd[ltw+krf¶·lDf%Y[^´lj¤I}%^ﬃi]f0£thDg%km^ﬃw0£v^]g%\[i+Y2yI8g%krd8uqf%Y[^
w^ﬃÇ@[^]d[iﬃ^t¬¿X
Y[^2g+^ﬃw+8rf°lDGf%Y[^ 8g+^]£Pkmlj[wghD\_^2kmw[w+^ﬃy hjwqkrd8krf%k>hDrk	CÁhDf%kmljd ¨ljg°f%Y[^2d[^K¸If
ghD\_^t¬/X
Y[^´\_^]f%Y[lByy8lB^ﬃwd[ljfkrdPf+^]utghDf+^hjy8yIkrf%kmljdzhD©f+^]g%\_w¤zhjw+^ﬃyljd2\_ljf%kmljd8g+lj^]g%f%km^ﬃw
hjw³lj8f%kmixhDﬀ%zlxG¬87^]d[iﬃ^tsvf%Y[^\_^]f%Y[lPynkmw/d[ljf/rkr\nkrf+^ﬃy_f+lGw+\qhDrzyIkmw%8>hjiﬃ^]\_^]d@f+wÁ¬
Ã
w.vljixhDd
w^ﬃ^ljd¥f%Y[^)^K¸8hD\n8m^ts#f%Y[^nhDruvljg%krf%Y8\½ixhDd¥dzhDf%8ghDrr2krdPf+^]utghDf+^r8\nkrd[ltw%krf¶¦\_lPyIk§ÉzixhDf%kmljd[w
f%YzhDd8«Iw­f+l)f%Y[^yIBdzhD\nkmixhD©Õ´hD[w+w+k>hDdzhDghD\_^]f+^]g+wx¬ %¯^ixhDdhDmw+l)g+^]\qhDg%«f%YzhDf0hnÕ´hD[ww%k>hDd
hD88g+lx¸Bkr\qhDf%kmljd_ljgf%Y[^­¤zhji+«Butg+lj8d[ykmw©d[ljf uvlBlPynhDf.hDrI¤88fkrf kmw w%+qi]km^]dPf.f+lyIk§¡¢^]g+^]d@f%k>hDf+^
krf
g+lj\ f%Y[^YzhDd[y
MﬃMONPRQ4S4TUS
x  
I ﬁﬀ ﬀ4I # ﬃ! "  
3EG 3   ksQRiZ"k Z"`aNnPNTJSa` LTZ0ksP1LﬃM
»zljghDr/f%Y[^nf+^ﬃw%f+wÁs"^K¸Iiﬃ^]8ff%Y[^_w+^ﬃÇP[^]d[iﬃ^tsÅf%Y[^_w5hD\_^krd8krf%k>hDrk	CÁhDf%kmljd<0krf%Y¯f%krdP®i]krg+i]m^ﬃwG­hjw
[w^ﬃy¢¬ÔÒP[i+YÆhDdkrd8krf%k>hDrk	CÁhDf%kmljd¼Yzhjw¤^ﬃ^]d¼hDrg+^xhjyIÔ[w+^ﬃyÈkrdÈf%Y[^°zhjw%fx¬®X
Y[^°g+^xhjw+ljd[w)0Y@
­^´i+Y[ltw+^Gf%Y8kmw
krd8krf%k>hDrk	CÁhDf%kmljd2­hjwkrf+whD¤8krrkrf¶°f+lny8^]f+^ﬃi]f^xhjw%krrY[ljm^ﬃwhDd[yf%Y[^´iﬃljd@£v^]g%uv^]d[iﬃ^
w+^ﬃ^ﬃy¢¬87lx­^]£v^]gxs[ljf%Y[^]g0krd8krf%k>hDrk	CÁhDf%kmljd[wYzhx£v^´¤^ﬃ^]df+^ﬃw%f+^ﬃy·w+[i+Y2hjwh)w%krd8utm^´i]krg+i]m^t¬/bef0w%f%krr
utkr£v^ﬃwGuvlPlBy¥g+^ﬃw%8rf+w´¤88fGf%Y[^niﬃljdP£v^]g%uv^]d[iﬃ^w+^ﬃ^ﬃy®y8^ﬃi]g+^xhjw+^ﬃww%krutd8k§ÉzixhDd@f%rv¬º ljg+^ﬃlÁ£v^]gxsÅ­^
Yzhx£v^f+lw+^]f0ljd8rqf¶­lnzhDghD\_^]f+^]g+wLA.f%Y[^f%kr\_^´w%f+^]hDd[yf%Y[^g+^]ut8>hDg%k	CÁhDf%kmljd­^]krutY@f-5#¬.»zljg
hDr¢f%Y[^iﬃljmljg^K¸8hD\n8m^ﬃwÁs8ª^´[w^ﬃyf%Y[^GwhD\_^´£thDr[^ﬃwLA X

G
i
hDd[y5G
i
¬
Ó­ljd[iﬃ^]g%d8krd8u2f%Y[^)w+^ﬃ^ﬃy¢s#­^[w+^nhDd¯^K¸B8rkmi]krfGyIkmw+i]g+^]f%k	CÁhDf%kmljdÔkrd¦f%kr\_^ts"f%Y[^]d®f%Y[^)^]£vljr8f%kmljd
\[w%f³¤#^y8ljd[^w%mlÁ0rnf+lG¤#^w%fhD¤8m^t¬³~d¦xtW¸#xtkr\qhDuv^ﬃwxsBljd8r^]¾w+^ﬃiﬃljd[y8w0hDg+^g+^ﬃÇP8krg+^ﬃy
¨ljg³w+ixhD>hDg³kr\qhDuv^ﬃw³0Y8krm^iﬃljmljg³kr\qhDuv^ﬃw/d[^ﬃ^ﬃy°hDg+lj8d[y_feª^]d@few+^ﬃiﬃljd[y8wªljd°hnÕY CÓ­| )¬@bef
w^ﬃ^]\_w.ltww%kr¤8m^0f+l´uv^]f³i]mltw^0f+l´g+^xhD[f%kr\_^[w%krd8uh´w+^]\nk§opkr\n8rkmi]krf­w+i+Y[^]\_^hjw/f%Y[^
Ã
~´Ò·±rxD²¶¬
X©lny8^xhD¢0krf%Y·>hDg%uv^]g0kr\qhDuv^ﬃwxsIª^hDg+^krd·f%Y[^8g+lBiﬃ^ﬃw+w
f+ly8^]£v^]mlj h)\8rf%k§o¶w+ixhDm^hD88g+lvhji+Y"¬
 
/. ©
	#+ 	 .-9
%¯^)w%fhDg%f g+lj\ f%Y[^G8d[i]f%kmljdzhD9À ;hDd[y ª^ªlj8my¦rkr«v^f+l^K¸If+^]d[y¦^xhji+Y¦krd@f+^]utghD.lx£v^]gq(
f+l·hDr.f%Y[^kr\qhDuv^ny8lj\qhDkrdG¬%¯^\[w+fÉ[d[y®i+YzhDghji]f+^]g%kmw%f%kmi_ 8d[i]f%kmljd[w
	 %6( C
G
i
C37 7UCE'
w+[i+Yf%YzhDfLA





 Q( ﬃ54!  k§¸ S&(
 Q( ﬃ54! G k§¸ S#$q(
 Q( ﬃ54!

 ljf%Y[^]g%0kmw+^
Ã
i]f%zhDrrvs©f¶­lyIk§¡¢^]g+^]d@f«Bkrd[y®lD0i+YzhDghji]f+^]g%kmw%f%kmiq 8d[i]f%kmljd[wGYzhﬃ£v^_¤#^ﬃ^]d®8g+lj#ltw+^ﬃy¥¨ljg´f%Y8kmw
8g+lj¤8m^]\¬­~d[^´ixhDdw+kr\n8r°hjw+w+lBi]k>hDf+^ljd[^m^]£v^]¢w+^]f
^]g
g+^]utkmljd·¤88f08k§¸8^]mw0ixhDd°¤#^´hjw+w+lBi]k§o
hDf+^ﬃyqf+l´\8rf%kr8m^g+^]utkmljd[w­ljg/f+lGd[l´g+^]utkmljd"¬
Ã
d°hjy8yIkrf%kmljdzhDiﬃlj88rkrd8uf+^]g%\\[w%fª¤^hjy8y8^ﬃy
f+l hﬃ£vljkmy¯f%YzhDfx¬
Ã
w+^ﬃiﬃljd[y¯
hﬃ¯lDy8^KÉ[d8krd8u)%6(
YzhjwG¤#^ﬃ^]d¯8g+ljltw^_krdN±µW²³¤P¯hjw+w+lBi]k>hDf%krd8u
h°iYzhDghji]f+^]g%kmw%f%kmi) 8d[i]f%kmljd®f+l^xhjiY¯iﬃlj\¤8krdzhDf%kmljdÔlD³m^]£v^]/w^]fw%krutd[wÁ¬.7^]d[iﬃ^ljd8r
RUTWV
ﬃ2' !
m^]£v^]w+^]f+wªhDg+^0d[^ﬃ^ﬃy8^ﬃyqf+lGw+^]ut\_^]dPf­hDd_kr\qhDuv^krd@f+l 'Äg+^]utkmljd[w
hDd[y_^xhji+Y8k§¸I^][kmw­hjw+w+lBi]k>hDf+^ﬃy
f+lljd[^_hDd[y®ljd8r¥ljd[^)g+^]utkmljd"¬)»zljgG^K¸8hD\n8m^tsÅhDd®kr\qhDuv^nixhDd®¤#^w+^]ut\_^]d@f+^ﬃy¯krd®°g+^]utkmljd[w
[w+krd8uqm^]£v^]Åw+^]f+w  LhDd[y) 

¤@°\nkrd8kr\nk	Cﬃkrd8uqf%Y[^´ljrmlÁ0krd8u_8d[i]f%kmljdzhD A
\ﬃ L C  

C!8G 
I
(KJ<L
M+N
P RUTWV
-3c
/
ﬃ23ﬃ54!1!%6(1ﬃ ﬁL C  

!YX 4 9ﬁ= ;
ZÈm^]d8utf%Y6ﬃ #$*L #$

!
|!M65
 	
ﬁﬀﬃﬂ ! #"
$%&' #&(*)

$%+,

-ﬂ./ﬁ"
. 0/ﬁ&21*23,45
x`
»krut8g+^RA.»zlj8gyIk§¡¢^]g+^]d@f\_^xhDd[wo­Ó­ljd@f+lj8g^]£vljr8f%kmljd
0krf%Y











% L ﬃ  L C  

!mG*  ﬃ  L !  ﬃ 

!EC
%

ﬃ  L C  

!mG ﬃ
i
P
  ﬃ  L !1!  ﬃ 

!EC
% Wﬃ L C  

!mG*	Eﬃ L !Fﬃ
i
P
	Eﬃ 

!1!EC
%

ﬃ L C  

!mG ﬃ
i
P
	Fﬃ L !1!Fﬃ
i
P
	Fﬃ 

!1!
X
Y[^y8^]g%kr£jhDf%kmljd¥lD 9ﬁ= ;
kmww%kr\nkr>hDgf+lqljd[^´¨ljgf%Y[^Wop8Yzhjw^ixhjw+^)hDd[yf¶­l^]£vljr8f%kmljd¥^ﬃÇPzhWo
f%kmljd[whDg+^_lj¤8fhDkrd[^ﬃy®¨ljg& 
L
hDd[y  

¬nº¦hD«Bkrd8uf%Y[^nd[ljfhDf%kmljd[w
s
(
ﬃ54!*G
RUTWV
>pA
(
>uZ ﬃ23ﬃ546!
P
D0(Y!

A
t
L
(
ﬃ23ﬃ546!
P
D0(Y!0hDd[y7( ﬃ54!qGQ	bﬃ 3( ﬃ546!1!s#f%Y[^^]d[^]g%ut¦ixhDd ¤#^)w%kr\n8r2^K¸I8g+^ﬃw+w+^ﬃy¥hjw
¨ljrmlx.A
:ﬃ L C  

! G
MON
ﬃb> 	Fﬃ ﬁLyﬃ546!1!>yZ > Eﬃ 

ﬃ54!1!> !&XW4 9Àx ;
Z
MON
ﬃ
s
i

L


Z
s

ﬃ
i
P

L
!

Z
s
 

L
ﬃ
i
P


!0Z
s

ﬃ
i
P

L
!Fﬃ
i
P


!1!wX 4
hDd[yf%Y[^´iﬃljg%g+^ﬃw%ljd[yIkrd8u°^]£vljr8f%kmljd ^ﬃÇPzhDf%kmljd[w
¨ljg. ﬁLhDd[y 

hDg+^A



ﬃ
v

/
ﬃ54!8G'13Fﬃ Lyﬃ54!1!

5#7µyIkr£

ﬃ
v


ﬃ
v


Z ﬃ
s
L
P
s

!

Z ﬃ
s
 
P
s

!Fﬃ
i
P


!


ﬃ
o

/
ﬃ54!8G'13Fﬃ 

ﬃ54!1!

5#7µyIkr£


ﬃ
o


ﬃ
o


Z ﬃ
s
L
P
s
 l! LmZ ﬃ
s

P
s

!Fﬃ
i
P
 L]!

Ã
d8kmiﬃ^^K¸[hD\n8m^kmw­w%Y[lx0d¥± »kru[¬µW²¤88f­f%Y[^\_^]f%Y[lBy¤^ﬃiﬃlj\_^ﬃw­\_ljg+^w+^]d[w%kr¤8m^f+lGf%Y[^krd8krf%k>hD
iﬃljdPf+lj8gltw%krf%kmljdljdÈ\_ljg+^iﬃlj\n8rkmixhDf+^ﬃyÈkr\qhDuv^ﬃwx¬¦º ljg+^ﬃlÁ£v^]gxs.f%Y[^°iﬃlj\n8m^K¸Bkrfe¯¤^ﬃiﬃlj\_^ﬃw
£v^]g%°Y8krutY0Y[^]df%Y[^Gd@8\¤#^]glD g+^]utkmljd[wkrd[i]g+^xhjw^t¬
 
 549+7' ﬁx4G	4 ¾ﬀ9
%¯^
Yzhx£v^8g+^ﬃw+^]dPf+^ﬃyqhf+ljfhDrrnyIPdzhD\nkmixhD[ ghD\_^]­ljg%«)f+lw+^]ut\_^]d@f³wixhD>hDg³ljg.£v^ﬃi]f+ljgÀop£jhDr[^ﬃy
kr\qhDuv^ﬃwÁ¬.X"ªlyIk§¡#^]g+^]dPfhD88g+lvhji+Y[^ﬃwYzhﬃ£v^¤#^ﬃ^]diﬃljd[w%kmy8^]g+^ﬃyf+lfhji+«Bm^´f%Y[^8g+lj¤8m^]\ lD ^]dIo
^]g%ut\nkrd8kr\nk	CÁhDf%kmljd"s¤ljf%Y yIg%kr£v^ﬃwf+lnf%Y[^whD\_^G^]£vljr8f%kmljd ^ﬃÇPzhDf%kmljd[wx¬0Ó­ljd@£Bkrd[i]krd8ug+^ﬃw+8rf+w
MﬃMONPRQ4S4TUS
]  
I ﬁﬀ ﬀ4I # ﬃ! "  
­^]g+^_w%Y[lÁ0d¯ljd¯w%PdPf%Y[^]f%kmixhDªhDd[y®g+^xhD.kr\qhDuv^ﬃwx¬X
Y[^n\_^]f%Y[lBy¥mlBlj«BwzhDg%f%kmi]8>hDg%r¥#lxª^]gÀo
8.krdÔw+^]ut\_^]dPf%krd8u2£thDg%kmlj[w´f¶B#^_lD­kr\qhDuv^ﬃwÁ¬
Ã
w+kr\n8m^n\8rf%k§o¶yIkr\_^]d[w%kmljdzhDÕ´hD[w+w+k>hDd¯f+l
g+^]8g+^ﬃw^]d@f^xhji+Y¦g+^]utkmljd kmwlD f+^]d¦w%+qi]km^]d@ff+lyIkmw+i]g%kr\nkrdzhDf+^iﬃlj\n8m^K¸2g+^]utkmljd[wx¬^]u@hDg+yIkrd8u
f%Y[^f%ghji+«Bkrd8uÈ^K¸[hD\n8m^ts
kr\n8g+lx£v^]\_^]dPf+w·ixhDdÆ¤^2y8ljd[^¤@[w%krd8uÔljgqkrd[w%fhDd[iﬃ^8g%kmljg+wljd
f%Y[^°w%YzhD#^ ±rtK²0ljg)¤@¯krdPf+^]utghDf%krd8uÔh\_ljg+^°iﬃlj\n8m^K¸<\_lBy8^]³¨ljg)f%Y[^q¤zhji«Putg+lj8d[y¼hDd[y¼h
w+«Pkrd°\_lPy8^]¨ljgªf%Y[^YzhDd[y¢¬.º¦ljg+^ﬃlx£v^]gxs8­^[w+^ﬃy°Y[^]g+^hzhDghD\_^]f%g%kmi\_lBy8^]¢hjww%8\nkrd8uf%YzhDf
8g+lj¤zhD¤8krrkrfe®y8^]d[w%krf%km^ﬃwGlD­^xhjiY®g+^]utkmljd<hDg+^i]mltw+^f+l2Õ´hD[w+w+k>hDd¥yIkmw+f%g%kr¤88f%kmljd[wx¬X
Y[^ny8^]£v^]§o
lj8\_^]dPflD d[ljdIopzhDghD\_^]f%g%kmi\_^]f%Y[lBy8wixhDd2¤^´[w^K 8¢0Y[^]d¦y8^xhDrkrd8u_0krf%Yf+^K¸If%8g+^ﬃw0Y8kmi+Y
hDg+^°i+YzhDghji]f+^]g%k	Cx^ﬃy¤P®\_lj\_^]d@f+wnlDY8krutY[^]gljg+y8^]gx¬S%¯^hDg+^°i]8g%g+^]d@f%rÔiﬃljd[iﬃ^]dPf%ghDf%krd8u¯ljd
f%Y[^ﬃw^>hjw%fkmw+w%[^ﬃw
f+l_kr\n8g+lx£v^hDd[yuv^]d[^]ghDrk	Cx^´f%Y[^´\_^]f%Y[lBy¢¬
    .+$ª
	#+1')	5+9

G'H  `eZ0LTh 5 Z]\^NnZ0`RpeZ0p S aZ(L PCiiYNnWEZpeSaksPCJ`
X©lw%Y[lx Y[lxf%Y[^ '.8m^]gÀo
Ñ
hDutghDd8uv^¯^ﬃÇPzhDf%kmljd[whDg+^¦lj¤8fhDkrd[^ﬃy¢sm^]f°[wyIk§¡#^]g+^]dPf%k>hDf+^¥f%Y[^
¨ljrmlx0krd8u_ 8d[i]f%kmljdzhD A
@ﬃ !8G
P
M?N
RUTWV
-6ﬃ2,ﬃ54!> D8CbA !% ﬃ ﬁ!YX 4 9Àt ;
G
i
j
M
N
ﬃ
RUTWV
>pA> Z ﬃ23ﬃ54!
P
Dm!<A
t
L
ﬃ23ﬃ546!
P
Dm!1!%ﬃ !YX 4
0Y[^]g+^-6ﬃ548> D8CbA*!©kmw/f%Y[^Õ´hD[w+w%k>hDd°y8^]d[w%krf¶)8d[i]f%kmljd0krf%Y_\_^xhDd DhDd[yqiﬃlÁ£jhDg%k>hDd[iﬃ^\qhDf%g%k§¸
A 95D¯hDd[ySA y8^]^]d[y2ljd <9¨ ;3;
%¯^´iﬃlj\n88f+^f%Y[^É[g+w%f0£thDg%k>hDf%kmljd2lD @ A
#,@ﬃ 7Z&!
#	






5J	
G
i
j
MON
RUTWV
-6ﬃ23ﬃ546!> D8CbA !%
?
ﬃ !YX 4
Z
i
j
MON
#_+ﬃ546C   Z
!
#






5J	
%ﬃ !YXW4
0Y[^]g+^  .0 ;E)32547698 ﬀR ;E) 8$; /=>/.0)>? !C ;e))ﬁA1ﬀR ;e)
D
ﬂ
 =  .()]? !C ;e)'))
%¯^´ixhDd y8^ﬃiﬃlj\nltw+^Gf%Y[^Gy8^]g%kr£jhDf%kr£v^lD +JA
#_+ﬃ546C  7Z&!
#	
G
#_+
#,D
#3D ﬃ 7Z&!
#
Z
#U+
#0A
#0A"ﬃ 7Z&!
#
»krg+w%f0­^Giﬃlj\n88f+^Gf%Y[^utghjyIkm^]dPf0krf%Yg+^ﬃw+^ﬃi]ff+lf%Y[^G\_^xhDd£v^ﬃi]f+ljg D8A
#_+
#,D
G A
t
L
ﬃ23ﬃ546!
P
Dm!
|!M65
 	
ﬁﬀﬃﬂ ! #"
$%&' #&(*)

$%+,

-ﬂ./ﬁ"
. 0/ﬁ&21*23,45
x
%¯^ixhDd¥iﬃlj\n88f+^f%Y[^)utghjyIkm^]d@f´0krf%Y¥g+^ﬃw%#^ﬃi]ff+lf%Y[^iﬃlx£thDg%k>hDd[iﬃ^\qhDf%g%k§¸A3krd¥f%Y[^whD\_^
\qhDd8d[^]gLA
#
#0A
+G A
t
L
ﬃBA
P
ﬃ2
P
Dm!Fﬃ2
P
Dm!  ! A
t
L
X
Y[^w+^ﬃiﬃljd[yf+^]g%\ lD f%Y[^É[g+w%f0£thDg%k>hDf%kmljd lD @ ixhDd·¤^w%kr\n8rk§Éz^ﬃyBA
M?N
#_+ﬃ546C  7Z&!
#






5J	
%ﬃ !YXW4 G
MON
#U+
#,D
#,D
#	






5J	
%ﬃ !YXW4Z
MON
#U+
#$A
#0A
#






5J	
% ﬃ !YXW4
hDd[yª^GixhDdiﬃlj\n88f+^f%Y[^´f¶­lnkrd@f+^]utghDmwlx£v^]g .A
M+N
#U+
#,D
% ﬃ !YXW4 G
M+N
A
t
L
ﬃ23ﬃ546!
P
Dm!% ﬃ ﬁ!YX 4
G A
t
L
9
M
N
,ﬃ54!% ﬃ ﬁ!YX 4
P
D
M
N
%ﬃ !YX 4
;
G
hDd[y
MON
#_+
#0A
%ﬃ !ªy+4 G
M+N
A
t
L
ﬃBA
P
ﬃ2,ﬃ54!
P
Dm!Fﬃ23ﬃ54!
P
Dm!

! A
t
L
%ﬃ !ªy+4
G A
t
L

A
M
N
%ﬃ !ªy+4
P
M
N
ﬃ2,ﬃ54!
P
Dm!Fﬃ2,ﬃ54!
P
Dm! %ﬃ !ªy+4

A
t
L
G
bef#¨ljrmlxw"f%YzhDfÅf%Y[^/w+^ﬃiﬃljd[yGf+^]g%\3kmw¢d@8rp¬X
Y[^.É[g+w%f¢£thDg%k>hDf%kmljdlD8»·ixhDdw%kr\n8r¤#^/^K¸B8g+^ﬃww+^ﬃy
hjw A
#,@ﬃ 7Z&!
#	






5J	
G
i
j
M+N
RUTWV
-6ﬃ23ﬃ546!> D8CbA !%
?
ﬃ !YXW4

G   ﬃWeP1Q ZpeZ(LJ PNTJgZksZ]NTWeSﬃp
bed¥f%Y8kmw´w%8¤[w+^ﬃi]f%kmljd"s¢­^)8g+ljltw+^f+l°[w+^)f%Y[^nw%YzhD#^y8^]g%kr£jhDf%kr£v^f+lBlj krd@f%g+lByI[iﬃ^ﬃy®krd¼±rK²/krd
ljg+y8^]gf+lny8^]g%kr£v^Gf%Y[^¨ljrmlx0krd8u_8d[i]f%kmljdzhDÅy8^]#^]d[yIkrd8uljd·f%Y[^Gy8lj\qhDkrd GA
 ﬃ *!mG
MON 
ﬃ546CF*!YX 4
G
M
N

RUTWV
>pA"ﬃ *!> Z 3ﬃ546!
P
D ﬃ *!

A"ﬃ *!
t
L
 ,ﬃ54!
P
D ﬃ *!

XW4
MﬃMONPRQ4S4TUS
   
I ﬁﬀ ﬀ4I # ﬃ! "  
0krf%Y A







D ﬃ *!mG
L
 
x
N
{

N
,ﬃ54!YX 4
 ﬃ *!mG
L
 
x
N
{

N
ﬃ23ﬃ54!
P
D ﬃ *!1!Fﬃ23ﬃ546!
P
D ﬃ "!1!

XW4
ﬃ "!mG

N
XW4
»zljrmlx0krd8u ±rﬃ²¶sIª^Giﬃlj\n88f+^f%Y[^ÕDf+^xhDI¸y8^]g%kr£jhDf%kr£v^GlD  ﬃ *!³krd·f%Y[^GyIkrg+^ﬃi]f%kmljd¦lD  A


?
ﬃ *!EC G
M N  
ﬃ54<CF"C!YXW4
P
M  
ﬃ546CF*!Fﬃ ﬃ546!^7 'ﬃ546!1!YX,ﬃ54!
0Y[^]g+^
 
ﬃ54<CF"C!³kmw
f%Y[^Gw%YzhD#^´y8^]g%kr£thDf%kr£v^lD
 
ﬃ546CF*!¬
 
ﬃ54<CF"C!mG
	

ﬃ54<CED ﬃ *!ECbA"ﬃ *!EC\!
G
	lg

D
?
ﬃ *!EC Z	
e

A
?
ﬃ "!EC 
X
Y[^y8^]g%kr£jhDf%kmljd[wlD	 0krf%Yg+^ﬃw%#^ﬃi]f0f+lD¯hDd[y Autkr£v^A

	
g
G A
t
L
ﬃ23ﬃ546!
P
Dm!
	
e
GA
t
L
ﬃBA
P
ﬃ2
P
Dm!Fﬃ2
P
Dm!

! A
t
L
ÒPkrd[iﬃ^ D ﬃ *!ªhDd[y

ﬃ *!³y8l_d[ljfy8^]^]d[y·ljdS4©sIª^GYzhﬃ£v^A
M
N
	

ﬃ546C373737hC !YX 4 G

D
?
ﬃ *!EC
M
N
	lg3ﬃ546C373737y!YXW40Z

A
?
ﬃ *!EC
M
N
	
e
ﬃ546C373737y!YXW4
ÒPkr\nkr>hDg%r2f+lqf%Y[^É[g+w%f\_^]f%Y[lPy¢s¤#ljf%Y krdPf+^]utghDmw´lx£v^]g3lD	lg°hDd[y	
e
hDg+^)^ﬃÇ@zhDf+l Cx^]g+l8¬
X
Y[^]d"szljd8rf%Y[^Gw^ﬃiﬃljd[y·f+^]g%\ lD f%Y[^´y8^]g%kr£jhDf%kr£v^Yzhjw0f+l¤^iﬃljd[w%kmy8^]g+^ﬃyBA


?
ﬃ *!EC G
P
M

 
ﬃ54<CF*!Fﬃ ﬃ54!^7 'dﬃ54!1!YX 3ﬃ546!

.ﬁﬃ./ .9
±rK²nÕ¬
Ã
8¤#^]g%fxs@ºÈ¬tÂ0hDg%>hD[y¢sI~)¬@»zhD8uv^]ghjwxsPhDd[y°Ò¬vŁv^]YzhDdIo¶Â
^ﬃw+w+ljd"¬#be\qhDuv^w+^]ut\_^]d@fhDf%kmljd
[w%krd8uNhji]f%kr£v^ÔiﬃljdPf+lj8g+wLANixhDmi]8r[w lD)£thDg%k>hDf%kmljd[w2lDnw%YzhD#^¥utghjyIkm^]d@f+w  
 ﬀ
9
! 
 

;
I ! ﬂ
 

s8Łt8r·tttI¬
±µW²)X´¬@ÓªYzhDd"s@Â¬ ¬@ÒIhDd[yI¤#^]g%u[sPhDd[y
Ñ
¬ﬀ/^ﬃw+^t¬
Ã
i]f%kr£v^iﬃljd@f+lj8g+w/0krf%Y[lj8fª^ﬃyIuv^ﬃw.¨ljg.£v^ﬃi]f+ljgÀo
£jhDr[^ﬃyÈkr\qhDuv^ﬃwx¬ﬂﬁ
I ﬁ!ﬃ#
9
I
[ F
" ﬀ 
9

D
IH H  # " 
9
ﬂ "ﬁI #
9
#KﬃH
9
%0
 

;
!  ﬀﬃ# ﬂ
9
ﬂ "ﬁI #
s
tArx`t ][tstttI¬
|!M65
 	
ﬁﬀﬃﬂ ! #"
$%&' #&(*)

$%+,

-ﬂ./ﬁ"
. 0/ﬁ&21*23,45
 ?
±µ`W²  ¬Óªg+^]\_^]g+wxs)X´¬ ljY8r¤^]g%uv^]gxshDd[yÓ¬´ÒBi+Y8djg%gx¬ +ljd8rkrd[^xhDg¥w+YzhD^<w%fhDf%kmw%f%kmiﬃw¦krd
\8\¨ljg+yBo¶w%YzhDYN¤zhjw+^ﬃyNw+^]ut\_^]d@fhDf%kmljd"¬b¶d
 !3I
;

9
#
D
I #
[
I #
D
IH
;
 ﬂ  !
F
" ﬀ "ﬁI #
s
£vljr8\_^Is8zhDuv^ﬃw =t` xtIs#Ó­lj^]d8YzhDuv^]d"s  ^]d8\qhDg%«#s[Łt8d[^tttI¬
± j²nÒ¬©Łv^]YzhDdIo¶Â
^ﬃw+wljd"s³ºÈ¬©Â0hDg%>hD[y¢s³hDd[yÆÕ¬
Ã
8¤#^]g%fx¬  g+^xhD\qjwLA  ^K¨ljg%\qhD¤8m^g+^]utkmljd[w
yIg%kr£v^]d¯¤@®hDd¯^]8m^]g%k>hDd<hjiﬃi]8ghDf+^n\nkrd8kr\nk	CÁhDf%kmljd<\_^]f%Y[lPy¦¨ljg´kr\qhDuv^_hDd[y®£Bkmy8^ﬃl·w+^]ujo
\_^]d@fhDf%kmljd"s
hD88rkmixhDf%kmljdÆf+l¦¨hjiﬃ^y8^]f+^ﬃi]f%kmljd¼krdÆiﬃljmljgn£Bkmy8^ﬃl¥w+^ﬃÇ@[^]d[iﬃ^ﬃwÁ¬Ôbed.D DGF"s
£vljr8\_^`Is8zhDuv^ﬃw`nt B`ttIs#Ó­lj^]d8YzhDuv^]d"s  ^]d8\qhDg%«#s[º¥hﬃ·tttI¬
±µW²)Łt8d8\_l	 kr\s³ŁvljY8d %¬»©kmw+Y[^]gbb+b5s©º2j}%y[hDfqÓ­^]f%krd
Ã
dPf%Y[ljd@ ³^(C4Cﬃkps³Łtgx¬/hDd[y¢sªhDd[y
Ã
>hDd<Ò¬ﬁ%¾krrmw%«Bv¬ +ljd8zhDghD\_^]f%g%kmiq\_^]f%Y[lPy8wGljg´kr\qhDuv^qw+^]ut\_^]d@fhDf%kmljdÈ[w%krd8u·krdI¨ljgÀo
\qhDf%kmljd_f%Y[^ﬃljg%hDd[yni]8g%£v^^]£vljr8f%kmljd"¬zbed




 # ﬂ ﬃ!ﬃ#
9
ﬂ "ﬁI #
9

D
I #
[
ﬃ!ﬃ#   I # H
9
%0

!I  ﬀ ﬀﬃ" # %
szlPiY[^ﬃw%f+^]gxs + szÒB^]8f+^]\¤^]gtttI¬
±W² ¬ Õ¬ Ñ ^ﬃi]m^]g+it¬zÓ­ljd[w%f%g%[i]f%krd8uGw+kr\n8m^ªw%fhD¤8m^
y8^ﬃw+i]g%kr8f%kmljd)¨ljg©kr\qhDuv^­zhDg%f%krf%kmljd8krd8u[¬
 
 # ﬂ ﬃ!ﬃ#
9
ﬂ "ﬁI #
9

ﬁ
I ﬁ!ﬃ#
9
!I
[ D
IH
;
 ﬂ ﬃ!
F
" ﬀ "ﬁI #
s[` 9À ;A@?j` xtIs©L=t=I¬
±@?Á²)º2kmiYzhj^]
Ñ
^]£v^]dPf+ljd"sª~rkr£Bkm^]g»zhD8uv^]ghjwxs('/g%kmiÕg%kr\_wljd"s hDd[y%¾krrrk>hD\ %¯^]rmwx¬
Ñ
^]£v^]
w+^]f¤zhjw^ﬃyÈw^]ut\_^]d@fhDf%kmljd¼0krf%Y¼krd@f+^]d[w+krf¶ÈhDd[yi]8g%£thDf%8g+^8g%kmljg+wx¬®bed 9
ﬂ| H
9
ﬂ " 
9


 ﬂ| ILK ﬀ " # "ﬁIH 3K " 
9
 H
9
%0  #
9
_^ﬀﬃ" ﬀ
szÒBlj8f%Y¦Ó
hDg+ljrkrdzhIsztttI¬
±µW²)º2kmiYzhj^]
Ñ
^]£v^]dPf+ljd"s '/g%kmiÕg%kr\_w+ljd"shDd[y¦~rkr£Bkm^]g»zhD8uv^]ghjwx¬ÒPfhDf%kmw%f%kmixhDw%YzhD^Gkrd	%[Io
^]d[iﬃ^´krd·uv^ﬃlPy8^ﬃw+kmihji]f%kr£v^Giﬃljd@f+lj8g+wÁ¬³bed DGF  sBzhDuv^ﬃw`I  B`tt`IstttI¬
±>=W² +kr«vltw·| hDghDutkmltw2hDd[y!hjiY8kmy

^]g%kmiY[^t¬ Õ´^ﬃlPy8^ﬃw%kmi®hji]f%kr£v^®iﬃljdPf+lj8g+w2hDd[y¾m^]£v^]Gw+^]f
\_^]f%Y[lPy8w¨ljg)w%8#^]g%£Bkmw+^ﬃy¯f+^K¸If%8g+^w+^]ut\_^]d@fhDf%kmljd"¬
 # ﬂ  ! #
9
ﬂ "I #
9

ﬁ
I ﬁ!ﬃ#
9
 I
[ D
IH `
;
 ﬂ  !
F
" ﬀ "ﬁI #
sB 9¨` ;Aµtt` BD ?Bsº¦hDg+iY tttI¬
±rxW² +kr«vltw|hDghDutkmltw´hDd[y¦hjiY8kmy

^]g%kmi+Y[^t¬Õ^ﬃlBy8^ﬃw%kmihji]f%kr£v^g+^]utkmljd[wLA
Ã
d[^]3zhDghjyIkrut\
f+l¦y8^xhD
0krf%YÈghD\_^zhDg%f%krf%kmljd¼8g+lj¤8m^]\_w_krdiﬃlj\n88f+^]gn£Bkmw%kmljd"¬ﬂﬁ
I ﬁ!ﬃ#
9
I
[ F
" ﬀ 
9

D
IH H  # " 
9
ﬂ "ﬁI #
9
#K H
9
%0
 

;
! ﬀﬃ# ﬂ
9
ﬂ "I #
szº¥hDg+i+Y,aDŁt8d[^)tttI¬
±rtK²)º2kr«thj^]Ålj[ww+ljd hDd[y +kr«vltw| hDghDutkmltwx¬ÒPYzhD#^G8g%kmljg+wljgm^]£v^]©w+^]fg+^]8g+^ﬃw+^]d@fhDf%kmljd[wx¬
b¶dGD DGFÅsB£vljr8\_^IsIzhDuv^ﬃw ?j  =tIsÓ­lj^]d8YzhDuv^]d"s

^]d8\qhDg%«#s[º¥hﬃ·tttI¬
±rxW²)Ł[¬+%¯^]kmi+«v^]g%fxsÂ¬ ºÈ¬If+^]g7hthDglj\_^]d@vshDd[y·º<¬
Ã
¬km^]g%uv^]£v^]gx¬(' qi]km^]d@fhDd[yg+^]rk>hD¤8m^
w+i+Y[^]\_^ﬃwljg0d[ljd8rkrd[^xhDgyIk§¡#[w%kmljd·É[rf+^]g%krd8u[¬




!
9
# ﬀ
9
ﬂ "ﬁI # ﬀ:I # H
9
%0

!I  ﬀ ﬀ`
" #ﬁ%
s ?R9¨` ;Aµ`=t @[xIszº¥hDg+i+Y<L==tI¬
±rx`W²
Ã
¬ ³^(C4Cﬃkps
Ã
¬IXÅwhDkps[hDd[y
Ã
¬O%krrmw%«Bv¬
Ã
w%fhDf%kmw+f%kmixhDÅhD88g+lvhji+Y2f+lw%dzhD«v^ﬃw0ljg
¤8kr\_lBy[hD
hDd[yÔf%g%kr\_lBy[hD
kr\qhDuv^]g%v¬®b¶d
!I 3K "$#ﬁ% ﬀ I
[
ﬂ| ﬂ|  # ﬂ ﬃ!ﬃ#
9
ﬂ "ﬁI #
9

D
I #
[
ﬃ!  #   I #
MﬃMONPRQ4S4TUS
x  
I ﬁﬀ ﬀ4I # ﬃ! "  
D
IH
;
 ﬂ  !
F
" ﬀﬃ"I #
s@£vljr8\_^b+bKsvzhDuv^ﬃw=t  =tt`Is  ´^]g%«BBghIs8Õg+^ﬃ^ﬃiﬃ^tszÒB^]8f+^]\¤#^]gGL===I¬
b ' ' '¾Ó­lj\n88f+^]gÒBlBi]km^]f¶vszb ' ' ' Ó­lj\n88f+^]g´ÒBlPi]km^]fe°|.g+^ﬃwwx¬
±r]j²nÒ¬Y@·hDd[y
Ã
¬ﬀ/8krrm^t¬Å^]utkmljdiﬃlj\n^]f%krf%kmljd A 8d8k§Pkrd8u)w%dzhD«v^ﬃwxsPg+^]utkmljdutg+lÁ0krd8u[s8hDd[y
Â
hxv^ﬃwbaDº Ñ ¨ljg³\8rf%kr¤zhDd[ykr\qhDuv^w^]ut\_^]d@fhDf%kmljd"¬



 
!
9
# ﬀ
9
ﬂ "I # ﬀ I #
&9
ﬂ ﬂ ﬃ! #
 #
9
_^ﬀﬃ" ﬀ
9
#K
 9
]0" #  # ﬂ ﬃ  " %0ﬃ#  
s"x 9ﬁ= ;AµtD  =ttIs#ÒB^]8f+^]\¤^]g)L==nI¬
|!M65
Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles - BP 93 - 06902 Sophia Antipolis Cedex (France)
Unité de recherche INRIA Lorraine : LORIA, Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - BP 101 - 54602 Villers-lès-Nancy Cedex (France)
Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38330 Montbonnot-St-Martin (France)
Unité de recherche INRIA Rocquencourt : Domaine de Voluceau - Rocquencourt - BP 105 - 78153 Le Chesnay Cedex (France)
Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, BP 105 - 78153 Le Chesnay Cedex (France)
  	


  
ISSN 0249-6399
